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At least 20% of lambs born will die in the first 3 days of life under extensive grazing conditions 
in southern Australia. Limited research has suggested that increasing the mob size or stocking 
rate of ewes at lambing may increase the risk of ewe-lamb separations and lamb mortality. 
Higher lambing densities are likely to exacerbate the attraction of foreign periparturient ewes 
to amniotic fluids and newborn lambs which may result in greater interference at lambing. This 
thesis aimed to quantify the impacts of mob size and stocking rate on the survival of lambs 
born on commercial farms. Furthermore, it aimed to determine whether poorer survival of 
lambs born at higher mob sizes was associated with greater interaction with foreign ewes and 
lambs at lambing. Survey data collected from 66 farms in south-eastern Australia indicated the 
survival of single- and twin-born lambs decreased by 1.4% and 3.5% per additional 100 ewes 
in the mob at lambing. Furthermore, it suggested that increasing stocking rate by 1 ewe/ha 
would reduce lamb survival by 0.7%, regardless of breed and birth type. Similar survey data 
collected from producers in New Zealand found the survival of Merino lambs decreased by 
1.3% per additional 100 ewes in the mob at lambing, however there was no effect of stocking 
rate on lamb survival. Data collected from 60 on-farm research sites across southern Australia 
confirmed that higher mob sizes result in poorer lamb survival. In this study, the survival of 
twin-born lambs decreased by 2% per additional 100 ewes in the mob at lambing. However, 
stocking rate was not found to influence lamb survival suggesting that the number of ewes in 
the mob regardless of paddock size has a greater influence on lambing density. Detailed 
experimentation also suggests that the relationship between mob size and lamb survival may 
be influenced by feed-on-offer (FOO) at lambing. In one experiment, a higher mob size 
decreased the survival of twin-born lambs when FOO was below 400 kg DM/ha at lambing 
and ewes were being supplementary fed. However, another experiment found the survival of 
single- and twin-born lambs was not influenced by mob size when FOO exceeded 2700 kg 
DM/ha at lambing. Mob size was not observed to influence interaction with foreign ewes or 
lambs at the time of lambing. However, less than 20% of ewes were observed at lambing and 
these observations were restricted to within approximately one hour of birth. Therefore, the 
reasons for poorer lamb survival at higher mob sizes remain unclear. Nevertheless, this research 
demonstrates that reducing mob size at lambing by 100 ewes will increase the survival of twin-
born lambs of Merino and non-Merino breed by at least 2%. Integrating guidelines for 
producers related to mob size at lambing with existing ewe condition score targets will 
therefore aid in improving lamb survival on commercial farms. 
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Chapter 1. General Introduction 
Improving reproductive performance is a priority for the Australian sheep industry (AWI 2016; 
MLA 2016). The mortality of lambs during the neonatal period represents a major source of 
reproductive wastage. Approximately 20% of all lambs born will die prior to marking and these 
losses are estimated to cost the Australian industry over $540M p.a. (Lane et al. 2015). The 
mortality of twin-born lambs is typically double that of single-born lambs (Oldham et al. 2011). 
This is often the result of lower birthweight and poorer ewe-lamb behaviours (Stevens et al. 
1982; Alexander et al. 1983a; Paganoni et al. 2014). Economic modelling has identified that 
improving the survival of twin-born lambs has the greatest economic pay-off compared to 
improving other aspects of the reproductive process (Young et al. 2014b). Improving lamb 
survival is a priority for both Merino and non-Merino breeds but is especially important for the 
Merino which is the dominant ewe breed within the national flock. Lamb losses are higher in 
Merinos compared to those of non-Merino breed (Geenty et al. 2014; Allworth et al. 2017). 
The relatively poorer performance of Merino ewes is contributing to their rapid displacement 
by non-Merino breeds and this will compromise the future of the Australian wool industry 
within the next decade. Lamb mortalities not only represent a significant economic loss but 
they are also an animal welfare concern which could influence the marketability of wool and 
sheepmeat worldwide. Hence, new management strategies to improve the survival of twin-born 
lambs are required. 
 
Research to improve lamb survival has largely focussed on optimising lamb birthweight. This 
has often been achieved through managing the nutrition of ewes during pregnancy. However, 
even when ewe liveweight and condition score profile during pregnancy are optimised, 10% of 
single-born lambs and 20% of twin-born lambs still die (Oldham et al. 2011). Over 80% of 
lambs die within the first 3 days of life (Oldham et al. 2011; Refshauge et al. 2016). To 
successfully transition to the extrauterine environment at birth, the lamb must undergo 
homeostatic, cardiorespiratory and thermoregulatory adaptations (Piccione et al. 2007). The 
ewe and lamb also undergo a series of physiological and neurobiological changes which are 
associated with the establishment of the ewe-lamb bond (Dwyer 2014b). The initial suckling 
events are critical for the transfer of passive immunity to the lamb and the development of 
maternal preference (Nowak and Poindron 2006; Nowak et al. 2007). The development of the 
ewe-lamb bond is also critical for lamb survival as regular sucking provides the lamb with 
energy to survive in often challenging environmental conditions. Interference at lambing from 
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periparturient ewes can increase the risk of ewe-lamb separations and cross-fostering of lambs 
(Alexander et al. 1983a; Cloete et al. 1998). Despite this observation, there has been little 
research into factors which may promote interference at lambing and therefore compromise 
lamb survival. 
 
Limited research has suggested that increasing mob size, stocking rate or the density of lambed 
ewes will result in poorer lamb survival (Cloete 1992; Kleemann et al. 2006; Robertson et al. 
2012; Allworth et al. 2017). However, research has typically been conducted using small 
paddocks and mob sizes which do not reflect conditions on commercial farms. Domestic sheep, 
particularly gregarious Merinos, display natural flocking behaviours. It could therefore be 
assumed that the distribution of birth sites, and thus the lambing density, will largely be defined 
by the number of ewes in the mob rather than the paddock size (Arnold and Maller 1985; Lynch 
et al. 1992). Research using Merinos has shown that typically less than 40% and as few as 2% 
of ewes isolate themselves to lamb (Stevens et al. 1981; Alexander et al. 1990b). The 
concentration of birth sites within the paddock is likely to be driven by the strong attraction of 
periparturient ewes to amniotic fluids and newborn lambs (Arnold and Morgan 1975; Levy et 
al. 1983). This may predispose interference from foreign ewes during the periparturient period. 
Interference during labour can inhibit uterine contractions and may increase the risk of dystocia 
or prolonged births leading to poorer lamb survival (Naaktgeboren 1979). Interference of the 
ewe and her newborn lambs can also increase the risk of ewe-lamb separation and cross-
fostering (Alexander et al. 1983a). In support, Cloete (1992) found that increasing the number 
of lambed ewes per hectare resulted in a greater incidence of permanent ewe-lamb separations. 
Robertson et al. (2012) also found that 24% more lambs died between birth and marking at a 
stocking rate of 30 ewes/ha compared to 16 ewes/ha. The proportion of lambs which died from 
starvation-mismothering or exposure was 2.5 times greater at the higher stocking rate which 
may be the result of interference from other ewes during the periparturient period. The 
optimisation of mob size and stocking rate at lambing to prevent interference at lambing and 
promote ewe-lamb bonding may therefore be an effective strategy for increasing lamb survival 
on commercial farms.  
 
The following literature review will highlight the wide array of factors which are known to 
influence lamb survival. The neurobiological and physiological changes which result in the 
development of the ewe-lamb bond along with animal, management and environmental factors 
which influence ewe and lamb behaviour will be discussed. A limited number of studies have 
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suggested the ability of the ewe and lamb to develop and maintain a strong relationship is 
compromised at higher lambing densities. These findings highlight the importance of the 
current research which investigates the effects of mob size and stocking rate at lambing on 
ewe-lamb behaviour and lamb survival on commercial farms. 
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Chapter 2. Literature Review 
2.1. Introduction 
Improving reproductive performance is a priority for the Australian sheep industry (AWI 2016; 
MLA 2016). Lamb survival to marking rarely exceeds 90% for single-born lambs and 70% for 
multiple-born lambs under extensive grazing conditions in Australia (Paganoni et al. 2014; 
Allworth et al. 2017). Furthermore, over 80% of lamb mortalities occur within the first 3 days 
of life (Oldham et al. 2011; Refshauge et al. 2016). Lamb mortalities cost the industry over 
$540M p.a. and also represent an animal welfare concern (Lane et al. 2015). Economic 
modelling has identified that improving the survival of twin-born lambs has the greatest 
economic pay-off compared to improving other aspects of the reproductive process (Young et 
al. 2014b). The development of a strong ewe-lamb bond is central to lamb survival. This is 
particularly important during the first 3 days of life when the lamb must also adapt to the 
extrauterine environment (Chniter et al. 2013). The ability of twin-bearing ewes and their 
progeny to develop and maintain a strong ewe-lamb bond is confounded by the lower 
birthweight, vigour and thus poorer behaviour of twin-born lambs along with the poorer 
maternal ability of their dams (Alexander et al. 1983a; Nowak 1996; Dwyer et al. 2003a). 
Hence, improving lamb survival is complex as it is the result of several inter-linked factors. 
 
Lamb birthweight is the major determinant of survival, particularly during the first 3 days of 
life. Birthweight is heavily influenced by maternal nutrition during late pregnancy (Hatcher et 
al. 2009; Oldham et al. 2011; Paganoni et al. 2014). Lambs are born with little energy reserves 
and are at risk of hypothermia due to their high surface area to body ratio (Chniter et al. 2013). 
Sucking soon after birth is therefore vital to ensure the lamb receives an energy source for 
thermoregulation. Furthermore, suckling plays an important role in the development of 
maternal preference by the lamb (Val-Laillet et al. 2004). The ability of the lamb to express 
normal behaviours following birth is partly determined by its vigour, which is related to several 
factors including birthweight, birthing ease and duration of birth (Dwyer 2003; Darwish and 
Ashmawy 2011). Lamb survival is compromised if the ewe and lamb fail to develop a strong 
bond which is dependent upon factors including the time spent at the birth site (Nowak 1996). 
Therefore, managing factors which influence ewe and lamb behaviour are important in 
improving lamb survival during the early neonatal period. 
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Improving knowledge of factors which influence lamb survival has been the focus of decades 
of research. Yet, little is known about how lamb survival is influenced by mob size, stocking 
rate and hence lambing density, or the number of lambs born in the paddock per day. Previous 
studies have identified that higher stocking rates at lambing compromise lamb survival 
(Kenney and Davis 1974; Langlands et al. 1984; Robertson et al. 2012). Kleemann et al. (2006) 
suggested a quadratic relationship exists between mob size and lamb survival, where survival 
is optimised at mob sizes of approximately 400 lambing ewes. In comparison, Allworth et al. 
(2017) found the survival of twin lambs born in mobs of less than 200 ewes tended to be greater 
than those born in mobs of more than 200 ewes. It is unclear what factors influence lamb 
mortality when ewes lamb in larger mobs or at higher stocking rates. However, it is expected 
that adverse impacts on ewe-lamb behaviour and bonding are contributing factors, such as the 
incidence of ewe-lamb separations and cross-fostering by foreign periparturient ewes 
(Alexander et al. 1983b; Cloete 1992; Robertson et al. 2012). Limiting the mob size and 
stocking rate of ewes at lambing, and therefore the number of lambs born in the paddock per 
day, may prevent lamb mortalities which result from poor ewe-lamb behaviour. 
 
This review will provide an overview of the factors known to influence lamb mortality, detail 
the development of maternal care and the ewe-lamb bond and identify priority areas for further 
research related to the effects of mob size, stocking rate and lambing density on lamb survival.  
 
2.2. Factors known to influence lamb mortality  
2.2.1. Birthweight, litter size, sex and birth ease 
Lamb birthweight is widely recognised as the primary factor influencing lamb survival and is 
interrelated to most causes of death in lambs (Brown et al. 2014; Refshauge et al. 2016). A 
quadratic relationship exists between birthweight and lamb survival. In Merinos, lambs born at 
a birthweight of 4.5 to 5.5 kg are known to have the greatest chance of survival (Holst et al. 
2002; Oldham et al. 2011). The optimal birthweight of a lamb depends upon factors including 
mature ewe size, ewe age and breed (Hinch and Brien 2014). Achieving optimal birthweight is 
largely dependent on the nutritional status of the ewe during late pregnancy as maternal 
nutrition and lamb birthweight are positively correlated (Kenyon et al. 2011; Oldham et al. 
2011). Birth type and lamb sex also impact on both lamb birthweight and the likelihood of 
survival. Multiple-born lambs generally weigh 1 to 2 kg less than their single-born counterparts 
and are twice as likely to die (Oldham et al. 2011; Paganoni et al. 2014). Male lambs are 
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generally 0.2 to 0.3 kg heavier yet are 5% more likely to die than female lambs (Oldham et al. 
2011; Paganoni et al. 2014).  
 
Lambs born at low birthweights are typically at a higher risk of death due to the starvation-
mismothering-exposure complex where as high birthweight lambs are more likely to die due 
to dystocia (Dalton et al. 1980; Scales et al. 1986; Refshauge et al. 2016). However, the 
incidence of dystocia and malpresentation at birth is greater for both low and high birthweight 
lambs which may be related to a reduced ability to move freely in the uterine horn during birth. 
This could be the consequence of restricted uterine growth or a reduced volume of amniotic 
fluid subsequent to maternal undernutrition during pregnancy (Dwyer 2003; Dwyer et al. 
2003b). A small pelvic size in the ewe and excessive birthweights caused by inappropriate sire 
selection can also contribute to birthing complications and physical trauma (Kilgour and 
Haughey 1993; Speijers et al. 2010). Holst et al. (2002) found approximately 70% of lamb 
deaths which occurred within the first 72 hours of life were associated with dystocia and/or 
birth trauma. Furthermore, an extensive study by Refshauge et al. (2016) found 43% of lambs 
which died within 5 days of birth were caused by dystocia.   
 
Dystocia and prolonged birth can cause asphyxia, pain and trauma in lambs, including to the 
central nervous system. Dystocia is also linked with death due to the starvation-mismothering 
complex which may be explained by sub-lethal hypoxia experienced by the lamb during birth, 
poor lamb vigour, and poor neonatal and maternal behaviours (Hinch et al. 1986; Dwyer et al. 
1996). Dutra and Banchero (2011) found that the risk of asphyxia at birth was 15.6 times higher 
in twin-born lambs than single-born lambs, independent of birthweight, the length of labour, 
placental weight, sex and breed. This may be explained by the greater hypoxaemia and 
metabolic acidosis of twins at birth. Hence, twin-born lambs may have a poorer ability to cope 
with acute hypoxaemia which can occur during a normal delivery and may be particularly 
vulnerable to death following a prolonged or difficult birth (Dutra and Banchero 2011). Male 
lambs are also more likely to experience dystocia than female lambs. Further confounded by 
their finer birth-coats, this may increase their risk of cold-stress and death in male compared to 
female lambs (Oldham et al. 2011). Therefore, both low and high birthweights, which are 
influenced by sex and birth type, are associated with a range of physiological and behavioural 
effects which cause mortality in lambs.  
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2.2.2. Maternal nutrition during pregnancy and the timing of lambing 
Inadequate maternal nutrition during pregnancy has negative impacts on the size and function 
of the placenta and thus the growth, development and energy reserves of the fetal lamb. Poor 
maternal nutrition can also result in a loss of ewe energy reserves and compromise performance 
during lactation (Dwyer et al. 2004; Corner-Thomas et al. 2015). Maternal nutrition is 
particularly important in determining placental size and efficiency during the first 90 days of 
pregnancy, especially in multiple-bearing ewes. This subsequently determines the ability of the 
lambs to reach their genetic potential for birthweight (Lynch et al. 1992; Brown et al. 2014). 
However, maternal nutrition is most critical during the last 2 months of pregnancy when 80% 
of fetal growth occurs and when protein requirements for mammary development and 
colostrum production are highest (Ocak et al. 2005).  
 
Ewes which have lower body condition scores during mid to late pregnancy have lower 
placental weights and produce lambs with lower birthweight and poorer growth to weaning 
(Clarke et al. 1997; Oldham et al. 2011; Kenyon et al. 2014a; Corner-Thomas et al. 2015). 
Lambs born to ewes of lower condition score also display growth retardation although their 
brain, heart and pancreas is proportionally larger which suggests preferential growth of these 
organs (Clarke et al. 1997). Similarly, chronic placental insufficiency during late pregnancy 
results in growth restriction of lambs and compromises brain and retina development. 
Although, some of these abnormalities are overcome during the neonatal period (Duncan et al. 
2004). Fetal weight is correlated with placental weight whilst fetal fatness is correlated with 
ewe fatness (McNeill et al. 1997b; McNeill et al. 1997a). Fatter ewes display reduced insulin 
sensitivity and the higher levels of body fat in their lambs suggest that partitioning of glucose 
to the fetus is greater in fatter ewes. This is likely to promote thermoregulation and survival of 
the newborn lamb (McNeill et al. 1997a). Providing ewes with energy or protein supplements 
in late pregnancy can increase lamb birthweight, colostrum production and lamb survival (Hall 
et al. 1992; Hinch et al. 1996; Banchero et al. 2004). Increasing the nutrition of twin-bearing 
ewes beyond their maintenance requirements in mid to late pregnancy may not have any 
significant effects on ewe or lamb liveweight or lamb survival (Kenyon et al. 2012). However, 
improving maternal nutrition during late pregnancy can overcome the adverse effects of poor 
nutrition in the first 100 days of pregnancy (Oldham et al. 2011; Paganoni et al. 2014). 
 
The ability to meet the nutritional requirements of grazing ewes during late pregnancy is partly 
dependent upon the time of lambing. Most ewes in Australia either lamb in autumn or winter-
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spring (Masters and Thompson 2016). Lambing in winter-spring means that the peak energy 
demands of the ewe are met by the pasture and lambs are typically weaned onto abundant, high 
quality pastures. However, the climatic conditions during lambing can often be unfavourable 
for lamb survival. In comparison, lambing in autumn can provide more favourable weather 
conditions for lamb survival and provides producers with a longer period to finish their lambs 
following weaning. The trade-off is that ewes typically graze poor quality pastures during 
periods of maximal placental and fetal growth, and may therefore require supplementation 
during late pregnancy (Kleemann and Walker 2005; Masters and Thompson 2016). Rather than 
traditional supplementary feeds, such as lupins and oats, producers may be able to take 
advantage of young crops as a source of energy for ewes during late pregnancy and lactation. 
Although, grazing must be carefully managed due to the increased risk of metabolic disease 
and nutritional imbalances from grazing growing crops (Masters and Thompson 2016).  
 
Body condition score is a measure of the amount of muscle and fat cover over the lumbar region 
and is used to assess the nutritional status of sheep (Jefferies 1961). Lifetime Ewe Management 
guidelines for Merino ewes suggest condition score is maintained between 2.7 and 3.0 during 
pregnancy. Furthermore, these guidelines recommend the separate management of single- and 
twin-bearing ewes to allow their specific nutritional requirements to be met during pregnancy 
(Curnow et al. 2011; Hocking Edwards et al. 2011). Lamb survival may be compromised when 
feed-on-offer (FOO) at lambing is below 800 kg DM/ha and is optimised when FOO is 2000 
kg DM/ha (Hodgson 1990; Morris et al. 1994; Oldham et al. 2011). Furthermore, the effects 
of low FOO on lamb survival are driven by effects both dependent and independent of 
birthweight (Oldham et al. 2011). Management of ewes using Lifetime Ewe Management 
guidelines have been shown to improve ewe and lamb survival, and progeny performance 
(Hocking Edwards et al. 2011; Trompf et al. 2011). However, approximately 64% of sheep 
producers do not pregnancy scan their ewes. Furthermore, only about half of producers who 
pregnancy scan identify the number of fetuses and manage the single- and twin-bearing ewes 
separately (Jones et al. 2011). A greater proportion of producers assess FOO (84%) and ewe 
condition score (57%), either by physically placing a hand on the ewe or using a combination 
of physical and visual assessment (Jones et al. 2011). Encouraging producers to adopt Lifetime 
Ewe Management guidelines to manage ewe condition score during pregnancy and FOO at 
lambing is therefore critical in optimising the survival and productivity of ewes and lambs.  
 
9 
2.2.3. Weather conditions at lambing and characteristics of the lambing paddock  
Weather conditions at lambing can be assessed by converting weather data into a chill index. 
This describes the collective effects of temperature, wind speed and rainfall (Donnelly 1984). 
The ability of lambs to thermoregulate is compromised under cold, wet and windy conditions 
when the chill index exceeds 1100 kJ/m2.hr (Alexander 1962; Pollard 2006; Broster et al. 
2012b). Furthermore, maximal heat production by the lamb declines when rectal temperatures 
fall below 36°C (McCutcheon et al. 1983). The risk of lamb mortality due to cold exposure is 
increased by low birthweight, birth injury, hypoxaemia at birth and a lack of maternal grooming 
(McCutcheon et al. 1983; Pollard 2006). The provision of shelter through rows of trees, shrub 
belts or hedges of some grass species has the potential to reduce wind speeds and thus the chill 
index. However, access to shelter has been shown to have variable effects on lamb survival 
which is related to several factors including the severity of the chill conditions at lambing, 
topography of the paddock relevant to the prevailing weather conditions, type and thus efficacy 
of the available shelter and the proportion of ewes which access the shelter (Lynch and 
Alexander 1976; Bird et al. 1984; Paganoni et al. 2008; Robertson et al. 2011; Broster et al. 
2012b). The cost of providing shelter is likely to outweigh the benefit of improved lamb 
survival at locations where the chill index rarely exceeds 1000 kJ/m2.hr at lambing (Broster et 
al. 2012b). Providing shelter to twin-bearing mobs also has a greater economic pay-off 
compared to single-bearing mobs due to the greater improvement in survival rates and thus the 
economic return from the additional lambs (Young et al. 2014a). The risk of lamb mortality 
due to a high chill index is also greater in lambs born to Merino compared to crossbred ewes 
(Donnelly 1984). It is likely this is related to the poor shelter-seeking behaviour of Merino 
ewes at lambing unless they have been recently shorn or wind speeds exceed 40 km/hr. This 
predisposes their lambs to cold exposure and death following birth (Nowak and Poindron 
2006). Therefore, managing the time of lambing and providing effective shelter in lambing 
paddocks can reduce lamb mortalities associated with hypothermia. 
 
Little is known about the influence of paddock characteristics on lamb survival. Lambs born in 
hill or undulating country where the slope exceeds 30° are at risk of slipping from the birth site 
and becoming separated from their mother (Knight et al. 1989). This may compromise lamb 
survival, however many ewes select birth sites on flatter areas of the paddock which reduces 
the risk of ewe-lamb separation (Knight et al. 1989). The topography of the lambing paddock 
is also likely to influence the weather experienced at the birth site. Lambs born in high, exposed 
areas of the paddock are likely to be subjected to poorer weather conditions than those born in 
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lower, more sheltered parts of the paddock. Previous studies have also suggested that access to 
pasture or supplementary feed, and presumably the proximity to watering points, may influence 
maternal behaviour and therefore the time spent at the birth site and incidence of ewe-lamb 
separations (Alexander et al. 1990a; Nowak 1996; Dwyer et al. 2003a). The proximity to 
human activity, including roads, as well as the proximity to predators may also influence the 
selection of birth sites and maternal behaviour (Alexander et al. 1990a). Stress or interference 
of ewes during labour can inhibit uterine activity and may increase the risk of dystocia 
(Naaktgeboren 1979; Dwyer 2014a). Interference of recently lambed ewes due to 
supplementary feeding is also known to increase the incidence of ewe-lamb separations (Cloete 
1992). Therefore, the characteristics of the lambing paddock and interferences in or near the 
lambing paddock may account for some of the variation in lamb survival. 
 
2.2.4. Physiological and immunological status of the lamb 
Lambs are born with little energy reserves from glycogen and brown adipose tissue. Hence, 
they are reliant on the intake of colostrum soon after birth to replenish their energy supplies 
and prevent hypothermia (Mellor and Cockburn 1986; Pollard 2006; Banchero et al. 2009). 
Lactose provided via colostrum intake is generally only able to meet the energy needs of the 
newborn lamb for 12 hours. Glycogen mobilised from liver and muscle stores provides 
additional energy for thermoregulation (Mellor and Cockburn 1986). The metabolic maturity 
of the lamb at birth also affects its ability to thermoregulate and survive (Greenwood et al. 
2002; Thompson et al. 2006). Lamb survival is higher in lambs which have greater rectal 
temperatures and plasma concentrations of glucose and protein in the first 3 days of life 
(Chniter et al. 2013). The metabolic status of higher birthweight, single-born lambs is typically 
more favourable than that of lower birthweight, multiple-born lambs, due to their greater 
metabolic maturity, energy stores and abilities to thermoregulate (Greenwood et al. 2002; Holst 
et al. 2002; Miller et al. 2010). Optimising birthweight and thus the metabolic status of the 
lamb is therefore important in promoting thermoregulation, lamb vigour and the ability to suck 
soon after birth.  
 
Colostrum is not only a vital source of water, energy and protein, but it also provides a range 
of immunological factors, vitamins and minerals (Banchero et al. 2009; Hernandez-Castellano 
et al. 2014). Lambs are entirely reliant upon the ingestion of colostrum within the first 12 to 24 
hours of life to supply them with passive immunity and thus protection against disease in the 
neonatal period because antibodies do not cross the placenta in ruminants (Loste et al. 2008; 
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Gokce et al. 2013; Lockwood et al. 2016).  The availability of antibodies in the colostrum and 
the ability of the lamb to absorb these antibodies across the intestine significantly declines after 
the lamb reaches 24 hours of age. Hence, failure to consume colostrum during this period is 
associated with an increased risk of mortality (Loste et al. 2008; Gokce et al. 2013). Optimising 
ewe nutrition and lamb vigour will therefore aid in improving the immune status of the lamb 
and its survival during the early neonatal period.  
 
2.2.5. Ewe age and parity 
Lambs born to younger and first parity ewes are recognised to have poorer survival than those 
born to mature ewes which have previously reared progeny. Hence, whilst breeding ewe lambs 
as young as 7 months may improve lifetime reproductive performance and productivity, their 
poorer conception rates and ability to successfully rear progeny is likely to explain limited 
adoption of the practice by producers (Kenyon et al. 2014b). Embryonic loss is also understood 
to be higher in ewe lambs compared to mature ewes (Quirke and Hanrahan 1977; McMillan 
and McDonald 1985; Beck et al. 2010). Placental efficiency and size increases with ewe parity. 
Hence, poorer placental function contributes to the lower birthweights of lambs born to maiden 
ewes (Dwyer et al. 2005). Younger, maiden ewes and old ewes (≥7 years) also often have 
higher rates of dystocia and take longer to deliver their lambs which is negatively correlated 
with lamb survival (Matheson et al. 2012; Li and Brown 2016). Paganoni et al. (2014) found 
that lambs born to both young (2 years) and very old (8 years) ewes had lower birthweights 
and poorer growth rates to weaning than lambs born to ewes aged 3 to 7 years. This may be 
associated with a poorer performance of the ewe during lactation. The behaviours of maiden 
ewes and their progeny are also poorer than ewes with maternal experience which contributes 
to the lower survival of the lambs (Alexander et al. 1993; Dwyer et al. 2005; Corner et al. 
2013). Therefore, reproductive performance is compromised in maiden and old ewes and this 
reduces the survival of their lambs. 
 
2.2.6. Social behaviour and breed 
Sheep are gregarious, exhibit vigilant behaviour and maintain visual contact with other 
members of the mob when grazing. However, the degree of gregariousness differs between 
breeds which can be partly observed through the dispersion of sheep in mobs (Arnold and 
Maller 1985; Fisher and Matthews 2001). The distance between nearest neighbours in mobs of 
Merinos is often less than 1.5 metres compared to 3.4 metres for Suffolk and 7.5 metres for 
Blackface sheep (Lynch et al. 1992). Merinos also display limited formation of sub-groups and 
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a reduced maximum distance of dispersal compared to other breeds (Winfield and Mullaney 
1973; Arnold and Maller 1985). Although, the degree of formation of subgroups is influenced 
by factors such as pasture availability and paddock topography. Sheep may graze as a single 
mob when feed is not limiting whereas smaller and more disperse subgroups can form when 
feed is scarce (Fisher and Matthews 2001). Similarly, mobs are more likely to form subgroups 
when the paddock is of undulating topography or heavily sheltered (Fisher and Matthews 
2001). Sheep also display a tendency to associate with others of the same age or breed which 
can result in segregation within the mob when grazed together (Winfield and Mullaney 1973; 
Arnold and Pahl 1974; Dwyer and Lawrence 1999b).  
 
Mob size and paddock size can also influence dispersal of sheep within a mob. Arnold and 
Maller (1985) found dispersal of Merino and Corriedale sheep increased at larger mob sizes. 
They suggest this could be a behavioural adaptation to a reduced risk of predation of individuals 
within the mob at larger mob sizes. However, the distance to the first and second nearest 
neighbours varied very little as mob size increased which demonstrates a consistent pairing 
pattern regardless of mob size. Hence, Arnold and Maller (1985) suggested that whilst both 
mob size and stocking rate had significant effects on the spatial distribution of sheep, the size 
of the mob may be of greater importance in determining spatial distribution, particularly for 
Merinos which display the strongest flocking behaviour. 
 
Ewes display reduced gregariousness at the time of lambing which promotes the establishment 
of the ewe-lamb bond and survival of the offspring. However, the particularly strong flocking 
relationship in Merinos has negative consequences on ewe-lamb bonding and lamb survival as 
the ewe spends less time at the birth site and the risk of ewe-lamb separation is higher (Nowak 
1996; Hergenhan et al. 2014). Similarly, Suffolk ewes have been observed to display poorer 
maternal behaviours between birth and weaning than Blackface ewes (Pickup and Dwyer 
2011). Hence, the strength of flocking behaviours between breeds also influences the quality 
of maternal care. Furthermore, ewe-lamb behaviour appears to be driven primarily by the breed 
and behaviour of the ewe whereas the relationship between ewes and other unrelated sheep 
seems to be affected by both ewe breed and the physical environment including the availability 
of forage, paddock size and topography (Dwyer and Lawrence 1999b). Variation in lamb 
survival between breeds can therefore be partly explained by the behaviour of the ewes and 




The ability to improve lamb survival through genetic selection is confounded by the poor 
heritability of reproductive and lamb survival traits including reproduction rate (number of 
lambs weaned per ewe joined), ewe rearing ability, lamb vigour and lamb autopsy traits such 
as starvation-mismothering and dystocia (Safari et al. 2005; Brien et al. 2014; Brown et al. 
2014; Dominik and Swan 2018). Genetic improvement in lamb survival can be achieved 
through indirect selection for composite traits including ewe rearing ability or the number of 
lambs weaned.  In New Zealand, producers also have access to a selection index which 
considers lamb survival (Brien et al. 2014). However, unfavourable correlations between 
reproductive and production traits have been identified such as those between the genetic 
potential for clean fleece weight and the number of lambs weaned or lamb survival and between 
yearling weight and reproduction rate (Brien et al. 2014; Dominik and Swan 2018). Producers 
should therefore consider the trade-offs that exist between reproductive and production traits 
relevant to their enterprise when evaluating the use of genetic selection as a strategy to improve 
lamb survival.  
 
2.3. Behavioural and physiological changes that affect ewe and lamb behaviour and 
lamb survival  
Central to lamb survival is the successful establishment of the ewe-lamb bond. The 
development of maternal care and ewe-lamb bonding is generally associated with; (i) isolation 
of the ewe from the main flock, (ii) attraction of the ewe to the lamb following birth via the 
amniotic fluid, (iii) intensive maternal grooming behaviours, (iv) attempts by the lamb to stand 
and suck with encouragement from the ewe, and (v) suckling and development of a mutual 
preference between the ewe and lamb (Nowak and Poindron 2006). These processes should 
occur at the birth site to encourage the formation of a strong ewe-lamb bond and to minimise 
the risk of ewe-lamb separation (Nowak 1996). The successful expression of ewe and lamb 
behaviour is dependent upon a series of neurobiological and physiological changes which occur 
in the ewe during the periparturient period as well as in the lamb following birth. Therefore, an 
understanding of these complex changes is essential in understanding how and when animal, 
management and environmental factors influence lamb survival. 
 
2.3.1. Neurobiological and physiological changes associated with maternal behaviour 
The onset of maternal behaviour in the ewe is driven by; (i) increased levels of circulating 
oestrogen during late pregnancy, (ii) vasocervical stimulation as a result of movement of the 
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fetus through the birth canal at lambing, and (iii) sensory cues from the newborn lamb (Dwyer 
2014b). Changes in the concentrations of steroid hormones associated with the expression of 
maternal care commence 2 to 4 days prior to lambing when there is a decline in plasma 
progesterone concentrations (Chamley et al. 1973; Nowak et al. 2011). Plasma oestradiol 
concentrations then begin to increase on the day prior to lambing and reach a peak 
concentration at the time of lambing (Chamley et al. 1973; Nowak et al. 2011). The increase 
in plasma oestrogen concentrations and binding of oestrogen to the oestrogen receptor leads to 
an increase in the expression of the oxytocin receptor (Broad et al. 1999). Earlier in pregnancy 
the higher plasma concentrations of progesterone inhibit the expression of the oxytocin 
receptor (Broad et al. 1993). Hence the upregulation of the oxytocin receptor in response to the 
increased plasma concentrations of oestradiol and decreased plasma concentrations of 
progesterone in late pregnancy prepares the ewe for the explicit expression of maternal 
behaviour following the release of oxytocin at birth (Dwyer 2014b).  
 
Vasocervical stimulation at lambing initiates a spinal reflex resulting in the release of oxytocin 
from the paraventricular nucleus of the hypothalamus (Da Costa et al. 1996). The release of 
oxytocin subsequently increases the release of neurotransmitters from specific regions of the 
brain which promote maternal behaviours related to nurturing and the development of 
selectivity (Lévy et al. 1993; Da Costa et al. 1996; Nowak et al. 2007). Peridural anaesthesia 
administered within 2 hours of birth prevents the expression of maternal behaviour such as 
grooming (Krehbiel et al. 1987). Furthermore, administering ovariectomised ewes with 
oestrogen and progesterone in the absence of vasocervical stimulation results in ewes 
displaying fewer positive maternal behaviours and more rejection behaviours (Kendrick and 
Keverne 1991).  Hence, ewes are unable to display the full complement of maternal behaviours 
without the synchronous actions of both oestrogen and vasocervical stimulation (Dwyer 2008). 
It is therefore essential that the neurobiological and physiological changes during late 
pregnancy develop in a sequential manner in order for the ewe to display adequate maternal 
care.  
 
Once the lamb has been delivered, the amniotic fluid provides a sensory cue which attracts the 
ewe to her newborn progeny and results in grooming (Levy and Poindron 1987; Nowak and 
Poindron 2006). Attraction to the lamb provides the final cues required for the expression of 
maternal behaviour and the development of the ewe-lamb bond. Generally, within 30 minutes 
of birth, the ewe becomes familiar with the olfactory ‘signature’ of the lamb and displays 
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acceptance behaviours towards her progeny whilst rejecting foreign lambs (Keller et al. 2003; 
Dwyer 2014b). Attraction of ewes to amniotic fluids is exclusive to the time of lambing and is 
not expressed by non-pregnant ewes. It is understood that attraction to amniotic fluids is also 
reliant on both hormonal changes and vasocervical stimulation, given the administration of 
progesterone and oestrogen to non-pregnant ewes is unable to reverse their repulsion by 
amniotic fluids (Levy et al. 1983). Interest in amniotic fluids typically increases within 2 hours 
of lambing, peaks at the time of lambing and then declines significantly by 6 hours post-partum 
(Poindron et al. 1988).  
 
The development of an olfactory memory for the lamb is driven by neurochemical processes 
in the brain of the ewe which are initiated by the release of specific neurotransmitters at 
lambing, including γ-amino butyric acid, norepinephrine and nitric oxide, along with the 
formation of an attachment to the lamb following birth (Lévy et al. 1995; Kendrick et al. 1997). 
These neurochemical changes result in an increase in the number of mitral cells in the main 
olfactory bulb of the brain, of which some respond specifically to the lamb’s odour (Keverne 
et al. 1993; Kendrick et al. 1997; Nowak et al. 2011). The concurrent down-regulation of 
neurogenesis in the hippocampus and olfactory system may also enhance the ability of the ewe 
to develop a memory of the olfactory signature of her lamb (Brus et al. 2010; Dwyer 2014b). 
Thus, neurological changes also enhance the responsiveness of the ewe to the lamb’s olfactory 
signals following birth.  
 
The development of an olfactory memory subsequently leads to the development of 
‘selectivity’, whereby the ewe provides maternal care exclusively to her own progeny and 
actively rejects foreign lambs (Poindron et al. 1988; Poindron et al. 2007; Dwyer 2014b). 
Hence, selectivity promotes survival of the ewe’s progeny by preventing foreign lambs from 
sucking the ewe. The development of selectivity may occur as early as 30 minutes after birth 
(Keller et al. 2003). Furthermore, maturation of synapses between mitral and granule cells in 
the brain occurs within 6 hours of lambing in maiden ewes (Keverne et al. 1993). Hence, the 
development of selectivity occurs within 6 hours of lambing in maiden ewes and occurs sooner 
in ewes which have previously reared progeny (Keverne et al. 1993). The ability of the ewe to 
recognize her lamb via visual and auditory cues generally develops within 6 and 12 hours of 
lambing for mature and maiden ewes, respectively (Keller et al. 2003). At 24 hours, ewes are 
typically able to recognise their progeny through acoustic cues (Sèbe et al. 2007). The 
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neurobiological and physiological changes which lead to the expression of maternal behaviour 
and selectivity in the ewe are summarised in Figure 2.1. 
 
 
The development of long-lasting maternal behaviour is thought to be related to exposure of the 
ewe to her lamb during a sensitive period and has been reviewed by Poindron et al. (2007). 
The onset of this period is understood to coincide with the onset of maternal responsiveness, 
when the ewe provides maternal care towards a lamb regardless of maternal attachment. 
Whether the ewe is able to sustain maternal behaviour beyond 24 hours, when maternal 
responsiveness has ceased, is thought to be related to the development of selectivity. Thus the 
sensitive period is characterised by a transition from maternal responsiveness, controlled by 
physiological factors, to maternal selectivity, which is driven by sensory cues from the lamb 
Figure 2.1. Neurological and physiological changes in the ewe leading to the onset of maternal 
behaviour at lambing. VSC = vasocervical stimulation; OTR = oxytocin receptor; ER-α = 
oestrogen receptor- α; OT = oxytocin; PVN = paraventricular nucleus of the hypothalamus; 
MBH = mediobasal hypothalamus; LS = lateral septum; MPOA = medial pre-optic area; BNST 
= bed nucleus of the stria terminalis; MeA = medial amygdale; OB = olfactory bulb; NA = 
noradrenaline; DA = dopamine; GABA = γ-amino butyric acid; Ach = acetylcholine; LPV = 
low-pitched vocalisations (Dwyer 2014b). 
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and subsequent neurosensory changes (Poindron et al. 2007). This sensitive period is likely to 
exist within the first 6 hours post-partum (Keverne et al. 1993; Poindron et al. 2007). Thus, 
ewe-lamb separations which occur during this period may have a detrimental effect on maternal 
acceptance of the lamb and subsequently lead to lamb mortality. 
 
2.3.2. Neurobiological and physiological changes associated with behaviour in newborn 
lambs 
Behavioural development in the lamb also plays a crucial role in the development of the ewe-
lamb bond. Immediately following birth the lamb is attracted to the ewe via visual and auditory 
cues (Nowak et al. 2011). Maternal behaviours, including high-pitched bleats which arouse the 
lamb and low-pitched bleats which have a calming effect, need to be coordinated with the 
movements of the lamb to promote it to stand and find the udder quickly after birth (Vince 
1993; Dwyer et al. 1998; Nowak 2006; Nowak et al. 2007; Nowak et al. 2011). The lamb will 
usually stand within 30 minutes of birth (Dwyer 2003; Bickell et al. 2010). Once the lamb 
comes into close contact with the ewe’s body, thermotactile cues elicit pushing and munching 
movements, and olfactory signals emanating from the amniotic fluid and inguinal wax promote 
head movements, oral activity, breathing and heart rate in the lamb (Nowak et al. 2007; Nowak 
et al. 2011). The lamb often begins sucking 1 to 2 hours after birth and regular sucking episodes 
usually then occur at least hourly (Dwyer 2003; Nowak et al. 2007; Nowak et al. 2011). The 
intake of colostrum following birth not only has important nutritional and immunological roles 
in the lamb but is also crucial in the development of maternal preference, or filial bonding, in 
the first 12 to 24 hours of life (Val-Laillet et al. 2004; Nowak et al. 2007; Val-Laillet et al. 
2009). Thus an ability of the lamb to stand and suck quickly after birth, coordinated with 
maternal behaviours which promote suckling, are vital in establishing a strong ewe-lamb bond. 
 
The importance of sucking following birth on ewe-lamb bonding is likely to be associated with 
the stimulation of the oral and gastrointestinal viscera together with maternal cues and/or care  
(Val-Laillet et al. 2004; Val-Laillet et al. 2009). Ingestion of colostrum is associated with an 
increase in plasma concentrations of the gastrointestinal peptide cholecystokinin as well as 
plasma concentrations of oxytocin. Cholecystokinin and oxytocin are known to be involved in 
the development of maternal preference due to their peripheral actions on the brain (Nowak et 
al. 2011). Furthermore, Val-Laillet et al. (2004) found that lambs associated colostrum intake 
with positive maternal behaviours such as low-pitched bleats, acceptance behaviour and 
nursing which made suckling a positive experience. This positive association with feeding is 
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weakened when access to the udder is prevented for more than 6 to 12 hours after birth. The 
development of maternal preference is also delayed compared to when suckling occurs within 
the first 3 hours of life (Nowak et al. 1997; Val-Laillet et al. 2004). It has been suggested that 
a sensitive period may also exist in the lamb during which visceral stimulation must be 
associated with both a specific physiological state, which may be triggered by the physiological 
and behavioural arousal of the lamb at birth, along with positive maternal cues in order to 
achieve a strong attachment to the ewe (Val-Laillet et al. 2004; Nowak and Poindron 2006). 
Thus it is essential that the lamb suckles as soon as possible following birth to optimise ewe-
lamb bonding. 
 
In comparison to the ewe, maternal recognition by the lamb is dependent upon both visual and 
auditory cues in the first few days of life. Lambs are able to recognise their dam at close 
proximity within 12 to 24 hours, however distal recognition takes 72 hours (Nowak et al. 1989; 
Nowak and Lindsay 1990; Terrazas et al. 2002; Nowak et al. 2011). Furthermore, identification 
of dams when lambs are 24 hours of age is primarily via acceptance by the ewe (Nowak et al. 
1989; Nowak et al. 2011). The first 24 to 72 hours of life represent an intensive period of 
behavioural development for both the ewe and the lamb, which corresponds with the period of 
highest lamb mortality. Hence, failure of the ewe to display appropriate maternal care and a 
poor ability of the lamb to express normal behaviours during the first day of life contribute to 
poorer lamb survival during the early neonatal period. 
 
2.4. Factors which affect ewe and lamb behaviour and therefore lamb survival  
2.4.1. Maternal nutrition during pregnancy 
Poor maternal nutrition has negative impacts on the ewe-lamb bond due to effects on fetal 
development, lamb birthweight and hormonal imbalances in ewes. Kleemann et al. (2015) 
found poorer maternal nutrition at the time of conception was associated with changes in organ 
weight, body dimensions and the time taken to follow the ewe by neonatal lambs but did not 
influence lamb survival. However, Muñoz et al. (2009) observed a low plane of nutrition in 
early pregnancy tended to result in poorer survival of lambs born to ewes aged 1 but not 2 years 
old. Despite this, 2-year-old ewes fed on a low plane of nutrition displayed greater rejection 
behaviours towards their lambs than ewes fed on a medium or high plane of nutrition. Whilst 
maternal behaviour differed, Muñoz et al. (2009) observed no effect of maternal nutrition on 
the behaviour of their lambs. Similarly, Hernandez et al. (2009) observed no effect of 
periconceptional nutrition on ewe or lamb behaviour at birth or 1 or 4 weeks after lambing. 
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This suggests that effects of maternal nutrition during early pregnancy on ewe and lamb 
behaviour are limited. 
 
Ewes fed a restricted diet during pregnancy have higher plasma concentrations of progesterone 
and a reduced oestrogen:progesterone ratio from mid-pregnancy until after lambing (O' 
Doherty and Crosby 1996; Dwyer et al. 2003a). This is known to limit the expression of 
maternal behaviour. Dwyer et al. (2003a) found twin-bearing ewes fed a restricted diet took 
longer to deliver the second lamb although the length of labour for first-born lambs was not 
influenced by diet. Ewes fed a restricted diet throughout pregnancy spend less time grooming 
their progeny after birth and more time eating (Dwyer et al. 2003a; Freitas-de-Melo et al. 
2015). Birthweight of lambs born to ewes fed on a lower plane of nutrition is lower and they 
are more likely to be malpresented at birth (Dwyer et al. 2003a). Lambs born to ewes which 
lose more body condition during pregnancy also take longer to stand and suck following birth 
and are less active in the first 3 days of life (Dwyer 2003). This may be partly associated with 
brain deficits due to undernutrition. Therefore, optimising maternal nutrition during pregnancy 
is critical to prevent hormonal disturbances to maternal care and improve lamb vigour. 
 
2.4.2. Dystocia and prolonged births 
Prolonged or difficult births prevent ewe-lamb bonding due to physiological effects and 
trauma. Ewes display a reduced frequency of low-pitched bleats, poorer grooming behaviours 
and an increase in rejection behaviour in response to a prolonged or difficult birth (Dwyer et 
al. 2003a; Darwish and Ashmawy 2011). Dwyer et al. (2003a) found a 10 minute increase in 
the duration of labour reduced the time spent grooming in the first 30 minutes after birth by 
1.8%. Dystocia can cause exhaustion and physical trauma to the ewe. Therefore a delay in the 
ewe standing after birth may be partially responsible for the reduced display of maternal care 
to the newborn lamb (Dwyer 2014b). Managing ewe nutrition and preventing interference at 
lambing may therefore reduce the risk of prolonged or difficult births and optimise maternal 
care. 
 
Lambs which experience a prolonged or difficult birth have poorer vigour as they take longer 
to stand and are less likely to suck within 2 hours of birth (Dwyer 2003; Darwish and Ashmawy 
2011). Darwish and Ashmawy (2011) also found lambs which experienced a prolonged or 
difficult birth vocalised sooner and more frequently following delivery and that those lambs 
received delayed or reduced maternal care. Lambs which experience birthing difficulties are 
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more vulnerable to hypothermia and starvation because standing soon after birth and maternal 
grooming are important in drying the lamb and stimulating thermoregulation. This is 
particularly evident when the lamb has a low birthweight and when weather conditions at 
lambing are poor (Dwyer and Morgan 2006; Darwish and Ashmawy 2011). It is thought that 
trauma and pain resulting from a difficult birth, including damage to the central nervous 
system, may be associated with the poorer suckling, locomotor and thermoregulatory abilities 
of the lamb (Dwyer 2003, Dwyer and Lawrence 2005). Dystocia and prolonged deliveries, 
which are more common in male and high or low birthweight lambs, therefore present a 
complex range of behavioural issues which predispose lamb mortality. 
 
2.4.3. Time spent at the birth site 
Selecting a birth site which is isolated from the mob prevents interference by other pre-
parturient ewes and thus promotes exclusive bonding following birth (Val-Laillet and Nowak 
2006). Merino ewes display reduced agitation when separated from members of the mob at the 
time of lambing. This reduced gregariousness of ewes shortly before lambing is understood to 
be an adaptive mechanism driven by physiological factors which promotes ewe-lamb bonding 
(Poindron et al. 1997). However, selection of isolated birth sites by Merino ewes appears to be 
limited. Stevens et al. (1981) found that only 2% to 9% of Merinos sought isolation to lamb in 
12 hectare paddocks. In comparison, Alexander et al. (1990b) observed 40% of Merino ewes 
isolated themselves at lambing in paddocks of less than 4.5 hectares. However, increased 
isolation of ewes in the smaller paddocks may reflect a greater ability to maintain visual or 
auditory contact with the rest of the mob while isolated rather than a greater desire to seek 
isolation at lambing. Furthermore, the degree to which ewes isolate themselves from the main 
flock and seek shelter at lambing also differs between breeds. 
 
The likelihood of the ewe and her progeny becoming separated decreases as the ewe and lamb 
spend more time together within 20 metres of the birth site (Nowak 1996; Val-Laillet and 
Nowak 2006; Corner et al. 2010). Cloete (1992) found that permanent separations of ewes 
from one or more of her lambs was 20% to 30% higher when the ewe spent 2 or less hours at 
the birth site compared to ewes which spent at least 2 hours at the birth site. This is supported 
by the findings of Alexander et al. (1983b). Ewe-lamb bonding is generally optimised when at 
least 6 hours are spent at the birth site following birth (Hergenhan et al 2014, Bickell et al 
2010). This is likely to coincide with the sensitive periods for maternal and neonatal behaviour 
previously described. However, Merino ewes are known to spend less than 4 hours and as little 
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as 1.3 hours at the birth site with their progeny. This contributes to the higher incidence of ewe-
lamb separation and lamb mortality in comparison to other breeds (Val-Laillet and Nowak 
2006; Bickell et al. 2010; Hergenhan et al. 2014). The short duration that Merino ewes spend 
at the birth site has more profound effects on twin-born lambs. Up to 50% of twins may become 
separated from their mother in the first 2 days of life due to them failing to follow the ewe 
(Nowak 1996). Promoting the ewe and lamb to spend as long as possible at the birth site is 
therefore critical in the development of a strong ewe-lamb bond and prevention of ewe-lamb 
separations. This may be achieved by limiting the distance to feed and water sources, 
minimising interference due to human activity and potentially through managing mob sizes, 
stocking rates and the size of the lambing paddock. 
 
2.4.4. Time taken for the lamb to stand and suck 
Suckling is vital for ewe-lamb bonding and thermoregulation in the lamb following birth. 
Hence, a shorter latency to the first suck is associated with increased survival to 72 hours of 
age (Miller et al. 2010). Lambs generally stand within 30 minutes of birth and begin sucking 
within 60 to 120 minutes of birth (Dwyer 2003; Nowak et al. 2007; Nowak et al. 2011). 
However, the times to stand and suck can range from 3 to 80 minutes and 12 to 133 minutes 
(Slee and Springbett 1986; Dwyer et al. 1999; Dwyer and Lawrence 1999b; Miller et al. 2010). 
Standing and sucking after birth is quicker in lambs that have enhanced vigour and coordination 
as a result of being at optimal birthweight and having an uncomplicated delivery. Furthermore, 
standing and sucking is promoted by physical and auditory stimulation and orientation to the 
udder by the ewe (Dwyer et al. 2003a; Dwyer 2003; Bickell et al. 2010). Therefore, promoting 
the lamb to stand and suck soon after birth, particularly through optimising birthweight and 
birth ease, is important in preventing lamb mortalities within the critical first 72 hours of life. 
 
2.4.5. Litter size 
Birthweight is correlated with vigour and neonatal behaviour in lambs. Lambs of lower 
birthweight display poorer coordination and take longer to stand and suck after birth (Dwyer 
et al. 2003a). Hence, multiple-born lambs are likely to have poorer neonatal behaviour 
compared to single-born lambs. In Merinos, both a reduced ability of the ewe to bond with her 
litter and delayed maternal recognition by her twin lambs may contribute to the higher 
incidence of separation (Nowak 1996). Twin-born lambs which display better maternal 
recognition at 12 hours of age are also more likely to survive beyond 1 week of age (Nowak 
1996). The poorer ability of the ewe to maintain contact with both lambs may be associated 
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with differences in their vigour and thus uneven ewe-lamb bonding (Nowak and Poindron 
2006). Furthermore, interference from other parturient ewes and cross-fostering can cause 
separation of multiple-bearing ewes from their progeny (Alexander et al. 1983b; Cloete 1992).  
 
Equal bonding between the ewe and her twin lambs is partially influenced by the time between 
birth of each lamb. The ewe typically shifts her attention away from the first-born lamb once 
the second lamb is born (O'Connor et al. 1992). The interval between births influences the time 
the ewe spends grooming each lamb. Dwyer and Lawrence (1998) found that maiden, twin-
bearing Blackface and Suffolk ewes which delivered the second lamb within 10 minutes of the 
first spent equal amounts of time grooming each lamb. In comparison, ewes spent 35% less 
time grooming the second-born lamb and also spent less time grooming the first-born lamb 
when lambs were born 45 minutes apart. Given the importance of cervical stimulation in the 
expression of maternal behaviour, Dwyer and Lawrence (1998) suggest that stimulation of 
maternal behaviour by the second delivery may be poorer when the time between births is 
longer. Therefore, birth ease and duration are important determinants in the development of a 
strong ewe-lamb bond and the survival of twin-born lambs. 
  
2.4.6. Ewe parity 
A combination of neurological and physiological factors contribute to the poorer ability of 
maiden ewes to initiate maternal behaviours and bond with the lamb. Maiden ewes display a 
reduced responsiveness to oestrogen due to them having a lower density of oestrogen receptors 
in the hypothalamic and limbic areas of the brain in late pregnancy (Meurisse et al. 2005). 
Oxytocin is primarily released from the paraventricular nucleus in the brain. In maiden ewes, 
expression of oxytocin receptor mRNA in the paraventricular nucleus, as well as the Islands of 
Calleja, is lower than in ewes with maternal experience (Broad et al. 1999). Hence,  release of 
oxytocin from the olfactory bulb at lambing is also lower than in mature ewes (Lévy et al. 
1995). The ability of oxytocin to modulate the release of the neurotransmitters noradrenaline 
and acetylcholine at lambing is also reduced in maiden ewes (Lévy et al. 1993; Lévy et al. 
1995). Similarly, release of the neurotransmitters glutamate and GABA from the olfactory bulb 
are observed to increase in mature but not maiden ewes at lambing whilst dopamine release is 
higher in maiden ewes (Keverne et al. 1993). Hence, the provision of an olfactory cue via the 
presence of amniotic fluids on the newborn lamb is more crucial in maintaining ewe-lamb 
contact following birth and the development of maternal behaviour in maiden ewes (Levy and 
Poindron 1987). Despite their neurological and physiological limitations, maiden ewes develop 
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selectivity at a similar rate to ewes that have previously reared lambs. As such, the sensitive 
period during which the ewe can learn the olfactory signature of her lamb may be restricted to 
within 30 to 60 minutes of birth. It is therefore critical for the ewe to recognise, groom, bond 
and remain in close contact with her lamb following birth in order to develop selectivity for 
her lamb during this sensitive period (Dwyer 2014).  
 
Ewes with maternal experience show greater isolation-seeking behaviours at lambing (Dwyer 
and Lawrence 2005). This may reduce interference by other pre-parturient ewes at lambing and 
during the development of the ewe-lamb bond. Maiden ewes display increased rejection 
behaviours and their lambs take longer to stand and attempt to suck which compromises 
development of the ewe-lamb bond (Dwyer and Lawrence 2000; Dwyer 2003; Dwyer et al. 
2005; Dwyer 2014b). However, Dwyer and Lawrence (2000) found nurturing and rejection 
behaviours of individual Suffolk ewes was consistent with increasing parity but this was more 
variable in Blackface ewes. Maternal behaviour score has been shown to improve with 
increasing ewe age and hence maternal experience (Brown et al. 2016). Maiden ewes and their 
lambs may also be more sensitive to the impacts of poor nutrition on ewe-lamb behaviour due 
to them already having impaired maternal abilities compared to ewes which have previously 
reared progeny (Dwyer et al. 2003b). Therefore, the survival of lambs born to maiden ewes 
may be improved by allocating ewes paddocks where interference at lambing will be minimised 
in addition to optimising nutrition. 
 
2.4.7. Breed, genetics and temperament 
Environmental adaptations and the degree of production intensity in different breeds of sheep 
affect maternal and neonatal behaviours and lamb survival. Ewes of wild sheep species express 
strong maternal behaviours due to natural selection for maternal traits. This includes isolation 
from the main flock for several days at lambing (Val-Laillet and Nowak 2006). In modern 
agriculture, lowland breeds such as the Merino and Suffolk are generally produced under more 
intensive conditions and typically display poorer maternal abilities. In comparison, hill breeds 
including the Scottish Blackface, Welsh Mountain and Cheviot are adapted to harsher 
environmental conditions with little input or intervention from humans and display stronger 
maternal behaviours (Dwyer and Lawrence 1999b; Dwyer and Lawrence 2005; Nowak and 
Poindron 2006). Hence it is likely that the poorer maternal and neonatal behaviours of 
intensively bred, domestic sheep breeds are the result of high selection pressure for production 
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traits which removes natural selection pressure for behavioural traits that favour maternal care 
and lamb survival (Dwyer and Lawrence 1999b; von Borstel et al. 2011).  
 
Maternal traits are influenced by genetics. Cloete et al. (2003) found that ewes selected for 
multiple-rearing ability took less time to deliver their lambs, had higher maternal cooperation 
scores and tended to remain at the birth site for longer. Maternal behavioural traits including 
maternal behaviour score (MBS) were shown to have moderate heritability by Brown et al. 
(2016). Furthermore, MBS in Merino and maternal ewes was shown to have moderate 
repeatability thus the accuracy of MBS can be improved with increasing parity. Maternal 
behaviour score was also found to have a moderate genetic correlation with the number of 
lambs weaned which indicates that selection for MBS could improve lamb survival (Brown et 
al. 2016). Selection for maternal temperament has however produced variable results. Bickell 
et al. (2010) found Merino ewes selected for a calm temperament licked their lambs more 
following birth and spent more time within 3 metres of the birth site compared to nervous ewes. 
Yet, Bickell et al. (2011) found both calm and nervous ewes displayed adequate maternal 
behaviour. Further research is therefore required to determine whether selection for maternal 
temperament improves ewe-lamb behaviour and lamb survival. 
 
Crossbreeding is also known to influence neonatal behaviours. Crossbred lambs display a 
stronger desire to remain in close proximity to their dams and are better able to discriminate 
between their dam and foreign ewes at 12 hours of age (Nowak and Lindsay 1990). This ability 
does not appear to be confounded by litter size (Nowak and Lindsay 1990). The stronger 
neonatal behaviours in crossbred lambs may be related to their greater vigour and alertness 
than Merino lambs which result in the expression of better following-behaviours in first 24 
hours after birth (Nowak 1996). Crossbreeding can therefore improve lamb vigour, behaviour 
and survival. However, variation in breeding objectives and target markets for lambs means 
this is not a viable option for all sheep producers. 
 
2.4.8. Characteristics of the lambing environment 
The characteristics of the lambing paddock and weather conditions at lambing also influence 
ewe and lamb behaviour. Adverse weather conditions at lambing compromise the ability of the 
lamb to stand and suck following birth. This is due to a decline in body temperature within the 
first 2 hours of birth which may result in the lamb failing to stand and thus suck (Nowak 1996). 
Discomfort due to cold exposure after standing may significantly impair the ability of the lamb 
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to find the teat regardless of a loss in energy reserves (Nowak 1996). Therefore, selection of 
lambing paddocks which provide effective shelter may encourage the lamb to seek the udder 
soon after birth and prevent it from succumbing to cold exposure. 
 
The distribution of birth sites within the lambing paddock may be influenced by characteristics 
of the lambing environment. Merino ewes show a tendency to lamb at the higher end of the 
paddock which may be related to an improved ability to identify predators. Alexander et al. 
(1990a) found as many as 75% of Merino ewes lambed within less than 18% of the paddock 
area when topography was undulating or steep. In contrast to ewes of British breed, Merino 
ewes did not display a strong attraction to give birth nearby specific features of the paddock 
including logs, trees, rock piles or fence-lines. This could reflect their poorer isolation-seeking 
behaviours (Alexander et al. 1990a). The presence of amniotic fluids and newborn lambs can 
result in ewes expressing maternal behaviour a few hours prior to lambing themselves (Arnold 
and Morgan 1975). The tendency of Merino ewes to concentrate lambing to a small area of the 
paddock has been associated with interference to the development of the ewe-lamb bond 
including cross-fostering (Alexander et al. 1990a). Grooming of the newborn lamb by foreign 
ewes and thus removal of the amniotic fluids may also hinder the ability of the ewe to develop 
selectivity for her lamb, particularly in maiden ewes.  Thus increasing the number of lambs 
born in the paddock could increase the incidence of mismothering and ewe-lamb separations 
and the risk of lamb mortality. Factors including mob size and stocking rate at lambing are 
therefore likely to contribute to the survival of lambs.   
 
2.5. Effect of mob size, stocking rate and lambing density on lamb survival  
Very few studies have investigated the effects of mob size (number of ewes per paddock) and 
stocking rate (number of ewes per hectare of the paddock) at lambing on ewe-lamb behaviour 
and lamb survival. Increasing mob size at lambing will increase the number of ewes lambing 
per day. Hence, increasing both mob size and stocking rate will increase the lambing density, 
or the number of lambs born per hectare per day. Cloete (1992) found 2% more ewes became 
permanently separated from one or more of their lambs for each extra lambed ewe per hectare. 
Higher lambing densities may therefore be associated with greater interference by foreign 
periparturient ewes. These interferences may result in a prolonged or difficult labour or 
mismothering or cross-fostering of lambs. Increasing the mob size and stocking rate of ewes at 
lambing may therefore compromise lamb survival on commercial farms. 
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Previous studies have identified a negative relationship between stocking rate and lamb 
survival. Using small paddocks, Kenney and Davis (1974) investigated the effects of the 
stocking rate of Corriedale ewes on the survival of their lambs over two times of lambing and 
three years. They found lamb survival to weaning was approximately 10% to 15% lower at a 
stocking rate of 10 ewes/ha compared to 5 ewes/ha for two of the three years of the study. 
Similar to these findings, Langlands et al. (1984) investigated the effects of stocking rate over 
the lifetime of the ewe and found that the survival to weaning of twin-born Merino lambs was 
30% lower at a stocking rate of 20 ewes/ha compared to 10 ewes/ha. However, there was no 
effect in single-born lambs. Donnelly (1984) also found the probability of death was greater at 
higher stocking rates in multiple-born crossbred but not Merino lambs. However, the effects 
on lamb survival were small and were expected to be due to poorer ewe weight and body 
condition (Donnelly 1984). Similarly, Davies and Southey (2001) found no effect of stocking 
rate on perinatal lamb mortality. 
 
The effects of stocking rates of 16 and 30 ewes/ha on ewe-lamb contact and the survival of 
twin-born lambs were studied by Broster et al. (2012a) and Robertson et al. (2012). It was 
found that 24% more lambs died between birth and marking at the higher stocking rate 
(Robertson et al. 2012). These deaths were associated with starvation, mismothering or 
exposure which the authors suggest may have been the result of interference from other ewes 
during the periparturient period. At the higher stocking rate, the ewes also travelled 11% further 
each day and had higher levels of contact with their lambs (Broster et al. 2012a). However 
even though contact was higher, the quality of this contact is unknown and reduced contact at 
the lower stocking rate may reflect a greater awareness of the location of the lamb. The findings 
of Cloete (1992), Robertson et al. (2012) and Broster et al. (2012) however have limited 
relevance to commercial enterprises due to the use of small, 0.5 ha paddocks and low ewe 
numbers which may have limited the effects of stocking rate and ewe-lamb behaviour on lamb 
survival.   
 
Whilst studies investigating the effects of stocking rate on lamb survival are limited, even fewer 
studies have investigated the effects of mob size on lamb survival. Analysis of data collected 
from commercial producers in New South Wales found that the survival of twin-born lambs 
tended to be lower when ewes lambed in mobs of at least 200 ewes compared to less than 200 
ewes (Allworth et al. 2017). Mob size was also shown to influence lamb survival by Kleemann 
et al. (2006) who observed a quadratic relationship between the mob size of mature Merino 
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ewes and lamb survival. They suggested the survival of single- and twin-born lambs was 
maximised at mob sizes of 414 and 386 ewes respectively, which may be associated with 
reduced predation or a reduced desire to move from the birth site prematurely due to closer 
contact between ewes. Whilst this study used larger paddock sizes and higher ewe numbers, it 
did not explore any behavioural reasons why mob size may influence lamb survival.  
 
There is scarce evidence to support recommendations for producers on the mob size or stocking 
rate of lambing ewes to improve lamb survival. Based on their findings, Cloete (1992) 
suggested that stocking rates above 11 pregnant ewes/ha should be avoided in order to 
encourage ewes to remain at the birth site for longer. In contrast, Alexander et al. (1983b) 
recommended stocking rates should not exceed 18 ewes/ha in order to prevent errors in 
pedigree data associated with the effects of an increase in the number of ewes lambing per day 
such as cross-fostering of lambs. These recommendations are, however, not directly correlated 
with a lamb survival outcome. It is also unclear how these recommendations are linked with 
varying paddock size. Similarly, the optimal mob sizes recommended by Kleemann et al. 
(2006) lack justification. Most of the research investigating the effects of mob size and stocking 
rate on lamb survival is also confounded by the duration of the studies, and the small lambing 
paddocks and mob sizes. It is also unclear how the effects of mob size and stocking rate on 
lamb survival are influenced by factors such as lamb birth type, breed, maternal nutrition, FOO 
and the paddock characteristics. It is evident that further research into the effects of mob size, 
stocking rate and lambing density on ewe-lamb behaviour and lamb survival is required for 
credible guidelines to be developed for producers. 
 
2.6. Conclusion and hypotheses 
Lamb mortalities are a major source of reproductive wastage and economic loss within the 
sheep industry. The establishment of a strong ewe-lamb bond following birth is vital to the 
survival of the lamb. Many interrelated factors contribute to the establishment of this bond 
including ewe age, maternal nutrition, lamb birthweight, lamb birth type and interactions with 
foreign ewes in the mob at lambing. Guidelines for the management of maternal nutrition to 
improve ewe and lamb survival have been extended to sheep producers. However, there are 
currently no credible guidelines regarding the mob size and stocking rate of ewes at lambing. 
Previous studies suggest that higher mob sizes, stocking rates and hence lambing densities may 
increase the risk of cross-fostering, ewe-lamb separations and lamb mortality. Thus lambing 
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density is likely to influence ewe-lamb behaviour and lamb survival on commercial farms. This 
thesis will therefore test the hypotheses that; 
(i) Increasing the mob size and stocking rate of ewes at lambing on commercial farms 
reduces the survival of their lambs 
(ii) The relationships between mob size, stocking rate and lamb survival are influenced 
by breed, lamb birth type, ewe condition score, FOO at lambing and the 
characteristics of the lambing paddock including the availability of shelter and 
topography 
(iii) The relationship between mob size and lamb survival can be partly explained by 
differences in the rate of interaction with foreign ewes and foreign lambs during the 
periparturient period 
(iv) Ewes will utilise a limited area of the paddock at lambing and thus lambing density 
will be defined by the distribution of ewes in the paddock rather than the paddock 
area. 
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Chapter 3. Increasing the mob size and stocking rate of lambing ewes 
reduces the survival of their lambs 
The following chapter is the version submitted for publication: 
Lockwood A, Hancock S, Trompf J, Kubeil L, Ferguson M, Kearney G, Thompson A (2018). 
Animal Production Science  
 
Abstract  
Improving the survival of lambs to marking is a priority for the Australian and New Zealand 
sheep industries. Research using small experimental mobs and paddocks has shown that 
increasing the stocking rate or number of ewes lambed per hectare increases the risk of ewe-
lamb separations and lamb mortality. This study tested the hypothesis that increasing the mob 
size and stocking rate of lambing ewes on commercial farms will reduce the survival of their 
lambs. Animal, paddock and environmental data related to lamb survival were collected 
through producer surveys in Victoria, Australia, in experiment one. In experiment two, mob, 
paddock size and lamb survival data were collected in the South Island of New Zealand to 
investigate the impacts of mob size and stocking rate on lamb survival. In experiment one, for 
each additional 100 Merino or non-Merino ewes in the mob at lambing, the survival of single- 
and twin-born lambs decreased by 1.4% and 3.5% (P<0.01). In experiment two, the survival 
of Merino lambs decreased by 0.9% for each extra 100 ewes in the mob, regardless of birth 
type (P<0.01). The survival of lambs in experiment one also decreased by 0.7% for each 
additional ewe per hectare regardless of ewe breed or pregnancy status (P<0.01), but this was 
not evident in experiment two. Overall, our findings show that increasing mob size at lambing 
reduces lamb survival, however, this was dependent on lamb birth type in experiment one and 
ewe breed in experiment two. Furthermore, increasing the stocking rate of lambing ewes 
decreased the survival of lambs in experiment one but not in experiment two. These findings 
highlight the scope to optimise the allocation of ewes to mobs and paddocks at lambing to 
improve lamb survival. 
 
3.1. Introduction 
Improving the survival of lambs to marking is a priority for the Australian and New Zealand 
sheep industries. On average, at least 20% of all lambs born will die prior to marking and over 
80% of these deaths occur within the first 3 days of life (Oldham et al. 2011; Hinch and Brien 
2014; Refshauge et al. 2016). Several factors are known to influence lamb survival including 
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birth type, breed, ewe condition score, feed-on-offer (FOO) and characteristics of the lambing 
environment such as access to shelter (Behrendt et al. 2011; Oldham et al. 2011; Broster et al. 
2012; Allworth et al. 2017). The establishment of the ewe-lamb bond is central to lamb 
survival. During the periparturient period the ewe and lamb undergo a series of physiological 
and behavioural changes leading to the establishment of a ewe-lamb bond (Nowak et al. 2007; 
Dwyer 2014b). Interferences during this period can inhibit their ability to develop a strong 
mutual bond and increase the risk of lamb mortality (Naaktgeboren 1979; Alexander et al. 
1983a).  It could be expected that higher mob sizes and stocking rates at lambing may 
compromise lamb survival, given the increased number of lambs born per day and thus an 
increased risk of interference at lambing. Despite this, guideleines for producers to optimise 
lamb survival are largely based on management of maternal nutrition and there is scant 
evidence to support decisions regarding the mob size and stocking rate of ewes at lambing. 
 
Mob size and ewe pregnancy status are key determinants of the number of lambs born per day. 
Yet very little is known about the relationship between the mob size of lambing ewes and lamb 
survival. Kleemann et al. (2006) observed a quadratic relationship between the mob size of 
adult ewe flocks and lamb survival. They suggested the survival of single- and twin-born lambs 
was optimised at mob sizes of 414 and 386, when ewes were stocked at an average of 8.6 
ewes/ha. Kleemann et al. (2006) suggest these optimal mob sizes may be due to a reduced 
predation risk or a reduced desire of the ewes to move from the birth site prematurely. However, 
it is unclear whether these recommendations are appropriate across all enterprises given 
differences in management including stocking rate. In contrast, a recent study by Allworth et 
al. (2017) found that the survival of twin-born lambs tended to be poorer when lambs were 
born at mob sizes of 200 ewes or greater, compared to less than 200 ewes. The relationship 
between mob size and lamb survival is therefore unclear. 
 
The effects of stocking rate on lamb survival are also poorly understood. Earle et al. (2017) 
found no significant effect of stocking rate on the number of lambs weaned per ewe. However, 
Winfield (1970) reported that lambs born at higher stocking rates were at greater risk of 
becoming separated from their dam within the first 2 hours following birth due to interference 
from foreign ewes. Similarly, Cloete (1992) reported that for each extra lambed ewe per 
hectare, 2% more ewes became permanently separated from one or more of their lambs. 
Another experiment by Robertson et al. (2012) found the survival of twin-born lambs was 20% 
lower when ewes lambed at a stocking rate of 30 ewes/ha compared to 16 ewes/ha in sheltered 
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paddocks. However, interpretation of these results at a commercial scale is limited by the 
replacement of lambed ewes with ewes still to lamb by Cloete (1992), and the use of small 
paddocks and subsequently high stocking rates by Winfield (1970), Cloete (1992) and 
Robertson et al. (2012). The effects of mob size and stocking rate on lamb survival therefore 
require validation at a commercial scale. Hence this study tested the hypothesis that increasing 
the mob size and stocking rate of lambing ewes on commercial farms will reduce the survival 
of their lambs. 
 
3.2. Materials and Methods 
This study consisted of data collected through producer surveys in two separate experiments. 
The surveys were conducted through a combination of farm visits, telephone and written 
communications. All producers pregnancy scanned ewes for multiples and lambed single- and 
twin-bearing ewes in separate paddocks.  
 
In experiment one, a total of 66 sheep producers in Victoria, Australia, were surveyed in 2014 
through the BESTWOOL / BESTLAMB program. The average number of breeding ewes at 
the farms surveyed was 3,689 and their average pregnancy scanning rates were 45% single-
bearing ewes, 44% twin-bearing ewes and 11% not pregnant. More than 90% of the producers 
had previous training in assessment of ewe condition score and FOO. Data were collected for 
a total of 300 individual mobs of single- and twin-bearing ewes that lambed between 2007 and 
2013. Ewe breeds included Merinos (n = 167) and non-Merino breeds including first crosses, 
composites and Coopworths (n = 133). Non-Merino ram breeds included first crosses, 
composites, Coopworths, Suffolks, White Suffolks, Dorsets and Poll Dorsets. Approximately 
65% of Merino ewes were joined to a Merino ram, with the remainder being joined to a ram of 
non-Merino breed. All ewes of non-Merino breed were joined to a ram of non-Merino breed. 
Details were collected for individual lambing mobs, including the number of ewes in the mob, 
ewe pregnancy status (single or twin), ewe and ram breed, average ewe age, and average ewe 
condition score at lambing (approximately 140 days after the commencement of joining) and 
marking.  Average condition score was determined by producers by measuring the condition 
score of a subsample of at least 50 ewes within the mob. Paddock data were also recorded 
including size, shape, topography, availability of shelter, the number of watering points and 
pasture availability, recorded as feed-on-offer (FOO; kg DM/ha). Data for mob size, ewe and 
ram breed, pregnancy status and ewe age were available from producer records. Producers 
provided estimates for condition score and FOO. The mean and quantiles for ewe condition 
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Table 3.1 Mean and quantiles (5% and 95%) for the condition score of mobs at lambing 
and marking and feed-on-offer (FOO; kg DM/ha) at lambing for single-bearing and twin-
bearing ewes of Merino and non-Merino breed in experiment one 
 
score and FOO are provided in Table 3.1. Paddock characteristics and weather conditions were 
categorised by producers based on the following descriptors. Paddock shape was categorised 
as square, rectangular, triangular, circular or irregular. Topography was categorised as flat, 
undulating or hill and reflected the predominant topography across the paddock. The 
availability of shelter in the lambing paddock was categorised on a scale of 1 to 5 where 1 
represented no shelter and 5 represented paddocks which were well sheltered. The overall 
weather conditions experienced at each farm between the commencement and end of lambing 
during each year were categorised on a scale of 1 to 5, where 1 was severe, 3 was average and 
5 was mild. The categorisation reflected the observed temperature, wind speed and wind 
direction along with recorded rainfall. The number and proportion of paddocks for each 
characteristic categorised are presented in Table 3.2. 
 
In experiment two, 23 sheep producers in the South Island of New Zealand were surveyed 
during 2015 and 2016 to investigate the impacts of mob size and stocking rate on lamb survival. 
Data for mob size, paddock size, ewe and ram breed (Merino or non-Merino), ewe age (maiden 
(1.5 years old) or adult (>2.5 years old)) and ewe pregnancy status (single or twin) was 
collected for a total of 959 individual mobs of single- and twin-bearing ewes that lambed 










  Mean 5% 95% Mean 5% 95% Mean 5% 95% 
Merino 
Single 2.9 2.5 3.5 2.8 2.5 3.0 1309 800 2000 
Twin 3.0 2.7 3.5 2.7 2.5 3.0 1522 1000 2120 
Non-
Merino 
Single 3.0 2.5 3.5 2.8 2.3 3.0 1217 800 1950 
Twin 3.0 2.6 3.5 2.8 2.5 3.0 1485 1000 2000 
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Table 3.2. Number and proportion of paddocks for each category of paddock shape, 
topography and shelter availability (1=no shelter, 3=some shelter and 5=well sheltered), 
weather category (1=severe and 5=mild) and the number of watering points for mobs of 




 Singles Twins Singles Twins 
 n % n % n % n % 
Paddock 
shape 
Square 33 44 31 34 14 34 48 52 
Rectangle 36 48 49 53 20 49 32 35 
Triangular 1 1 3 3 1 2 4 4 
Circular - - - - - - 2 2 
Irregular 5 7 9 10 6 15 6 7 
Paddock 
topography 
Flat 42 56 63 68 24 59 61 66 
Undulating 26 35 24 26 13 32 25 27 
Hill 7 9 5 5 4 10 6 7 
Paddock 
shelter 
1 23 31 29 32 4 10 14 15 
2 11 15 11 12 12 29 27 29 
3 25 33 25 27 20 49 28 30 
4 - - - - 2 5 1 1 
5 16 21 27 29 3 7 22 24 
Watering 
points 
0 1 1 - - - - - - 
1 65 87 69 75 30 73 76 83 
2 8 11 22 24 5 12 12 13 
3 1 1 1 1 5 12 3 3 
4 - - - - 1 2 1 1 
Weather at 
lambing 
1 23 31 22 24 10 24 29 32 
2 2 3 2 2 5 12 2 2 
3 45 60 52 57 13 32 43 47 
4 - - - - 4 10 4 4 
 5 5 7 16 17 9 22 14 15 
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Table 3.3. The number of paddocks, and mean and quantiles (5% and 95%) for paddock size, mob size and stocking rate for single- and 
twin-born lambs of Merino and non-Merino breed for farms surveyed in Victoria, Australia, for experiment one and the South Island of 










Paddock size (ha) Mob size (n ewes) Stocking rate (ewes/ha) 




Single 75 50.8 13.0 116.0 306 123 577 8.0 3.6 15.4 
Twin 92 40.0 11.1 99.8 197 75 400 6.6 1.8 11.6 
Non-
Merino 
Single 41 31.1 8.0 98.0 229 68 606 8.1 4.2 12.9 




Single 181 226.5 5.5 850.0 257 60 607 4.2 0.5 17.9 
Twin 206 118.3 5.0 545.3 163 28 540 5.0 0.5 15.2 
Non-
Merino 
Single 217 78.2 4.3 292.3 265 32 588 6.2 1.7 14.3 
Twin 355 49.5 5.4 121.2 252 45 472 6.7 2.1 12.3 
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Ewe stocking rate (ewes/ha) was calculated using the mob size and paddock size. The mean 
paddock size, mob size and stocking rate for each experiment is shown in Table 3.3. Lamb 
survival reflected losses of lambs between pregnancy scanning and lamb marking and hence 
was calculated based on the total number of fetuses identified at pregnancy scanning and the 
number of lambs marked within each paddock (% lambs per paddock).  
 
3.2.1. Statistical analysis 
All statistical analyses were performed using GENSTAT (VSN International 2012).  Survival 
of lambs to marking (% lambs per paddock) was analysed using the method of restricted 
maximum likelihood. For all analyses, main effects and interactions were only included if they 
were statistically significant (P<0.05). 
 
For experiment one, mob size, stocking rate, ewe breed (Merino or non-Merino), ewe 
pregnancy status (single or twin), ewe age, ewe condition score at lambing and the change in 
ewe condition score between lambing and marking, weather conditions at lambing, number of 
watering points in the paddock, FOO at lambing, paddock topography, shape, and shelter 
availability, mob size by stocking rate and two-way interaction of all terms with mob size and 
stocking rate were fitted as fixed effects. Both the linear and quadratic functions of mob size 
and stocking rate were tested. The producer and lambing paddock (nested within producer) 
were fitted as random effects.  
 
For experiment two, mob size, stocking rate, ewe breed (Merino or non-Merino), ewe 
pregnancy status (single or twin), ewe age (maiden or adult), and interaction of all terms with 
mob size and stocking rate were fitted as fixed effects. Both the linear and quadratic functions 
of mob size and stocking rate were tested. The producer, farm (nested within producer), year 
of lambing (nested within farm) and lambing paddock (nested within year of lambing) were 
fitted as random effects. Data for lamb survival was normalised using an angular 
transformation to justify the assumptions of the analysis. Data are presented in the back-
transformed state. 
 
3.3. Results  
3.3.1. Experiment one  
The regression coefficients for significant terms are shown in Table 3.4. There was a significant 
effect of ewe breed by pregnancy status on lamb survival. Survival of single lambs born to  
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Table 3.4 Regression coefficients (± standard error) for restricted maximum likelihood 
model which predicts survival to marking (%) for lambs born in Victoria, Australia, for 
experiment one from stocking rate, mob size by pregnancy status, ewe breed by 
pregnancy status, average ewe age, ewe condition score at lambing and the change in 
condition score between lambing and marking. 
All possible models were examined with statistical significance of terms and interactions 
thereof accepted at P<0.05. 
Term  Coefficient P-value 
ConstantA 14.7 ± 12.35 - 
Stocking rate -0.7 ± 0.22 <0.01 
Mob size -0.014 ± 0.005 <0.01 
Twin -16.9 ± 2.20 <0.001 
Mob size by twin -0.021 ± 0.008 <0.01 
Non-Merino 6.2 ± 2.39 <0.01 
Non-Merino by twin 8.2 ± 2.19 <0.001 
Ewe age  <0.001 
 2 years 16.9 ± 3.95  
 3 years 19.0 ± 4.22  
 4 years 21.5 ± 3.82  
 5 years 21.8 ± 3.84  
 6 years 21.3 ± 3.83  
 7 years 19.3 ± 4.22  
Condition score at lambing 19.9 ± 3.78 <0.001 
Change in condition score from lambing to marking 11.2 ± 4.06 <0.01 
A The survival constant is for a single Merino lamb born to a 1 year old ewe 
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ewes of Merino (80.9%) and non-Merino breed (87.1%) was greater than that of their twin-
born counterparts (59.5% and 73.8%; P<0.001). Within birth types, the survival of lambs born 
to non-Merino ewes was greater than that of lambs born to Merino ewes (P<0.001).  Lambs 
born to ewes aged 1 year had poorer survival than those born to ewes aged 2 to 7 years (Table 
3.4; P<0.001). Lamb survival increased by 2% for each 0.1 increase in ewe condition score at 
lambing, where condition score of the mobs ranged from 2.3 to 3.5 (Table 3.4; P<0.001). 
Furthermore, lamb survival increased by 1.1% for each 0.1 condition score gain between 
lambing and marking (Table 3.4; P<0.01).  
 
Figure 3.1. The effect (± 95% confidence intervals) of increasing mob size on the survival of 
lambs born to single-bearing ewes (thick line) and twin-bearing ewes (thin line) at a stocking 
rate of 8 ewes/ha with the mean effect of ewe breed, ewe age, condition score at lambing (3.0) 
and the change in condition score between lambing and marking (-0.2) for experiment one. 
 
There was a significant effect of mob size by ewe pregnancy status on lamb survival where the 
survival of single- and twin-born lambs decreased by 1.4% and 3.5% for each additional 100 
ewes in the mob (Figure 3.1; P<0.01). Lamb survival also decreased by 0.7% for each 
additional ewe per hectare (Table 3.4; P<0.001). There were no significant interactions of any 


























paddock shape, number of watering points within the paddock, availability of shelter, average 
FOO or subjective assessment of weather conditions at lambing on lamb survival. 
 
3.3.2. Experiment two  
The regression coefficients for significant terms are shown in Table 3.5. Single-born lambs had 
higher survival than twin-born lambs (86.6 vs 71.4%; P<0.001). The survival of lambs born to 
adult ewes was greater than that of lambs born to maiden ewes (82.5 vs 76.5%; P<0.001). There 
was a significant mob size by ewe breed effect on lamb survival (Table 3.5; P<0.01). The 
survival of lambs born to Merino ewes decreased by 0.9% for each additional 100 ewes in the 
mob but there was no effect in lambs born to non-Merino ewes (Figure 3.2). There was no 
significant effect of stocking rate or mob size by stocking rate on lamb survival. There were 
also no significant interactions between mob size or stocking rate with pregnancy status or ewe 
age. 
 
Table 3.5 Regression coefficients (± standard error) for restricted maximum likelihood 
model which predicts survival to marking (%) for lambs born on the South Island of New 
Zealand for experiment two from mob size by breed, ewe pregnancy status and ewe age. 
All possible models were examined with statistical significance of terms and interactions 
thereof accepted at P < 0.05. 
Term Coefficient P-value 
ConstantA 66.3 ± 1.28 - 
Mob size -0.009 ± 0.003 <0.001 
Non-Merino 2.4 ± 1.48 <0.1 
Mob size by non-Merino 0.008 ± 0.003 <0.01 
Twin -10.8 ± 0.37 <0.001 
Adult ewe 4.2 ± 0.45 <0.001 




Figure 3.2. The effect (± 95% confidence intervals) of increasing mob size on the survival of 
lambs born to ewes of non-Merino (thick line) and Merino (thin line) breed with the mean 
effect of pregnancy status (single or twin) and ewe age for experiment two. Data are presented 
in the back-transformed state. 
 
3.4. Discussion 
Increasing the mob size of lambing ewes significantly reduced the survival of lambs in both 
experiments. However, this was dependent on lamb birth type in experiment one and ewe breed 
in experiment two. Furthermore, lamb survival was poorer at higher stocking rates in 
experiment one but this was not observed in experiment two. Therefore, our hypothesis was 
partially accepted. 
 
Our findings show that increasing the mob size of lambing ewe reduces the survival of their 
lambs. Based on findings from experiment one, reducing the mob size of single- and twin-
bearing Merinos from the current average to 200 ewes and 100 ewes as well as decreasing their 
average stocking rate by 1 ewe/ha could increase marking rate of the mobs by 4.4% and 8.2%. 
The corresponding increase in marking rate for mobs of non-Merino ewes could be 2.2% and 
5.8%. This increase in marking rate for non-Merinos is less than that for Merinos because they 
were already lambed in smaller mobs. Increasing ewe condition score at lambing by 0.1 


























consistent with the findings of Oldham et al. (2011). Therefore, we estimate that reducing mob 
size for twin-bearing Merino ewes from the current average of 197 ewes to 100 ewes could 
result in similar changes in lamb survival to that which may result by increasing ewe condition 
score at lambing from 3.0 to 3.15. Given the independent effects of mob size and condition 
score on lamb survival, integrating existing guidelines for the optimisation of ewe nutrition 
with a reduction in mob size at lambing could improve marking rates on-farm.  
 
The effect of reducing mob size for twin-bearing ewes on lamb survival was more than double 
the effect observed in singles in experiment one.  It is expected that the greater response to mob 
size seen in twins is related to the greater number of lambs born per day and thus a greater 
likelihood of mismothering compared to singles (Cloete 1992). Therefore, reducing mob size 
for twin-bearing ewes is likely to be associated with a greater pay-off. The capacity to reduce 
paddock sizes may be limited in mixed livestock and cropping enterprises, meaning temporary 
fencing or alternative strategies may be required to lamb ewes in smaller mobs. For example, 
mob sizes for single-bearing ewes could be maintained or increased slightly whilst reducing 
mob sizes for twin-bearing ewes. Another strategy could be to combine single- and twin-
bearing ewes for lambing, however this is likely to be restricted to circumstances where FOO 
is not limiting for optimisation of maternal nutrition and ewe and lamb survival.  
 
In comparison to the mobs in Australia, the effect of mob size on lamb survival did not differ 
between single- and twin-born lambs in New Zealand. Instead, the survival of Merino but not 
non-Merino lambs decreased as mob size increased. It is unclear why the response to mob size 
by the non-Merino ewes varied between Victoria and New Zealand, however this could be due 
to differences in environment or management, such as ewe condition score or FOO, which 
could not be accounted for in this study. The gregariousness of Merinos and therefore their 
tendency to concentrate lambing to a small area of the paddock has been associated with 
interference to the development of the ewe-lamb bond, including cross-fostering, and thus 
poorer lamb survival (Alexander et al. 1990a). The steep topography of some lambing 
paddocks in New Zealand may therefore amplify the impacts of lambing density on lamb 
survival in Merinos due to the concentration of birth sites. Further research is required to assess 
the relationships between mob size, ewe breed and the lambing environment. This should 




Our results for the Australian mobs also show that increasing the stocking rate of lambing ewes 
decreases lamb survival. These findings support those of Robertson et al. (2012), who found 
the incidence of starvation and exposure was greater in lambs born at higher stocking rates. 
They suggested this may have been the result of interference from other lambing ewes during 
the periparturient period and subsequently a poorer ewe-lamb bond and limited suckling. The 
findings of Cloete (1992), Alexander et al. (1983b) and Winfield (1970) also suggested that 
higher stocking rates may limit the time spent at the birth site, increase the incidence of 
interference from foreign lambing ewes and promote ewe-lamb separations. Cloete (1992) and 
Alexander et al. (1983b) subsequently suggested that stocking rates of 11 and 18 pregnant 
ewes/ha in their respective studies would minimise the risk of cross-fostering, ewe-lamb 
separations and lamb mortality. Whilst the stocking rates in the current study were lower due 
to commercial-scale paddocks and management, the findings from these studies indicate the 
negative effects of mob size and stocking rate on lamb survival in our study are associated with 
adverse effects on the ewe-lamb bond. The absence of an effect of stocking rate in New Zealand 
suggests that the mob size of lambing ewes may be solely relevant in some environments and 
is likely to be the key determinant of the effects of lambing density on lamb survival. 
  
The subjective and retrospective nature of data collected from Australian producers for ewe 
condition score, FOO, paddock characteristics and weather during lambing is a limitation of 
this study. Most producers had received training in the assessment of condition score and FOO.  
Nevertheless, some error is expected in these measurements and data could be confounded by 
factors such as management and region. The opinions of producers regarding the severity of 
weather conditions along with paddock characteristics, such as the quality of shelter, would 
also be influenced by region and possibly by observations of mob behaviour, including the 
utilisation of available shelter. The current study indicates the effects of mob size and stocking 
rate on lamb survival are not influenced by the paddock shape, topography, availability of 
shelter, access to water or weather conditions at lambing and therefore the effects of mob size 
and stocking rate will be consistent across all lambing environments. However, the 
characteristics of the lambing environment were similar across farms surveyed with most 
paddocks being square to rectangular with flat to undulating topography and limited shelter. 
Experimental work using objective measures of paddock and environmental factors is therefore 
required to determine whether the effects of mob size and stocking rate differ between lambing 
environments. Furthermore, the average mob sizes and stocking rates in the current study are 
reflective of moderate to high rainfall zones and thus largely exclude mobs of greater size (≥400 
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ewes) and low stocking rate which are typical of lower rainfall zones. Experimental work on 
commercial farms across a range of environmental and management conditions is therefore 
required to quantify the effects of mob size and stocking rate on lamb survival. The interaction 
of mob size and stocking rate with factors known to influence lamb survival including breed, 
ewe pregnancy status, ewe condition score, FOO, shelter availability and weather conditions 
at lambing should also be investigated to support the development of targeted guidelines for 
producers.  
 
Improving lamb survival is a priority for the sheep industry and requires integration of current 
guidelines related to maternal nutrition with new management strategies. Current 
recommendations for producers regarding the mob size and stocking rate of ewes at lambing 
are based on scant evidence. Findings from the producer surveys suggest that high mob sizes 
and stocking rates could contribute to lamb mortality between lambing and marking. The effect 
of mob size in Australia was particularly evident in twin-bearing mobs which also have poorer 
lamb survival compared to single-bearing mobs. This highlights an opportunity to increase 
marking rate and hence profitability by managing mob size at lambing. The pay-off associated 
with reducing mob size and stocking rate could be influenced by region, enterprise structure 
and breed due to factors such as pasture quality and quantity, required subdivision of paddocks 
and the proportion of twin-bearing ewes in the flock. Hence, experimental evidence is required 
to inform the development of management guidelines and to enable a cost-benefit analysis for 
reducing mob size and stocking rate at lambing to improve lamb survival on commercial farms.  
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Abstract 
At least 20% of lambs born will die prior to marking in southern Australia. Survey data 
collected from producers in south-eastern Australia indicated that increasing mob size by 100 
ewes at lambing decreased the survival of single- and twin-born lambs by 1.4% and 3.5%. 
Furthermore, increasing stocking rate by 1 ewe/ha was shown to decrease lamb survival by 
0.7% regardless of lamb birth type. These effects were not observed to differ between Merino 
and non-Merino breeds. However, similar data collected from producers in New Zealand 
indicated that the effect of mob size on lamb survival was only evident for Merinos where 
survival of single-born and twin-born lambs decreased by 0.9% per additional 100 ewes in the 
mob at lambing. This experiment tested the hypotheses that; (i) the survival of twin-born lambs 
on commercial farms in southern Australia will be greater when ewes lamb in smaller mobs 
and at lower stocking rates, and (ii) the effects of mob size and stocking rate will be greater in 
Merinos compared to non-Merino breeds. A total of 60 research sites were established on 
commercial farms across southern Australia during 2016 and 2017. The experiment tested a 
2x2 factorial combination of mob size (high or low) and stocking rate (high or low). Adult 
twin-bearing Merino or non-Merino ewes were randomly allocated into one of the four mobs 
on day 140 from joining. Feed-on-offer and ewe condition score were assessed 140 days after 
joining and at lamb marking. The number of lambs at marking was recorded for each mob. 
Survival of lambs born at the low mob size was 2.8% greater than those born at the high mob 
size, regardless of breed (P<0.001). Reducing mob size at lambing by 100 twin-bearing ewes 
increased survival by 2% (P<0.001). There was no effect of stocking rate or mob size by 
stocking rate on lamb survival. Lambing twin-bearing ewes in smaller mobs will therefore 




At least 20% of lambs born will die prior to marking on commercial farms in southern Australia 
(Behrendt et al. 2011; Paganoni et al. 2014; Allworth et al. 2017). These losses are estimated 
to cost the sheep industry approximately $540M p.a. (Lane et al. 2015). Economic modelling 
has identified that increasing the survival of twin-born lambs has the greatest pay-off compared 
to improving other aspects of the reproductive process (Young et al. 2014b). Hence improving 
the marking rate of twin-born lambs is a priority for the Australian sheep industry. The survival 
of Merino lambs is often at least 5% lower than non-Merino lambs despite the greater number 
of non-Merino ewes conceiving twins (Geenty et al. 2014; Allworth et al. 2017). This is 
associated with poorer maternal abilities of Merino ewes and lower birthweight and poorer 
behaviour of their lambs (Stevens et al. 1982; Alexander et al. 1983a; Paganoni et al. 2014).  
Lamb birthweight and ewe-lamb behaviour is improved when ewe nutrition is optimised during 
pregnancy (Dwyer et al. 2003a; Dwyer 2003; Oldham et al. 2011). However, even when ewe 
liveweight and condition score profile is managed according to best practice, at least 20% of 
twin-born lambs still die prior to weaning (Behrendt et al. 2011; Hocking Edwards et al. 2011). 
Continued improvement in lamb survival will therefore require the integration of management 
strategies which address an array of factors. 
 
The allocation of ewes to mobs and paddocks at lambing requires consideration of several 
factors which influence lamb survival. Such factors include ewe condition score, feed-on-offer 
(FOO) and pasture quality, the availability of shelter and the risk of predation (Hinch and Brien 
2014). Guidelines for Merinos lambing in winter-spring recommend ewes are in condition 
score 3 at lambing and FOO is between 1500 kg DM/ha and 2000 kg DM/ha for optimal 
survival and performance of ewes and lambs (Behrendt et al. 2011; Curnow et al. 2011; 
Hocking Edwards et al. 2011; Oldham et al. 2011). High chill conditions at lambing increase 
the risk of hypothermia in newborn lambs, particularly those of Merino breed (Alexander 1962; 
Donnelly 1984; Sykes et al. 2010). The allocation of twin-bearing ewes to well-sheltered 
paddocks can reduce the chill index experienced by lambs and improve lamb survival (Lynch 
et al. 1980; Donnelly 1984; Broster et al. 2012b; Young et al. 2014a). However, the effect of 
shelter on lamb survival is variable and is understood to be related to several factors including 
the severity of the chill conditions at lambing, topography of the paddock relevant to the 
prevailing weather conditions, type and thus efficacy of the available shelter, and the proportion 
of ewes which access the shelter (Lynch and Alexander 1976; Bird et al. 1984; Paganoni et al. 
2008; Robertson et al. 2011; Broster et al. 2012b). Whilst guidelines are available to producers 
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for the nutritional management of lambing ewes and selection of paddocks based on FOO and 
shelter, there is little credible evidence to support current guidelines regarding the mob size 
and stocking rate of ewes at lambing.  
 
Limited experimental work has shown that increasing the stocking rate or density of lambed 
ewes can increase the risk of ewe-lamb separations and lamb mortality (Cloete 1992; Robertson 
et al. 2012). Kleemann et al. (2006) and Allworth et al. (2017) also observed mob size 
influenced lamb survival, however the relationship between mob size and lamb survival on 
commercial farms is unclear. Survey data collected from producers in south-eastern Australia 
indicated that increasing mob size by 100 ewes at lambing will decrease the survival of single- 
and twin-born lambs by 1.4% and 3.5% (Chapter 3). Furthermore, increasing stocking rate by 
1 ewe/ha was shown to decrease lamb survival by 0.7% regardless of lamb birth type (Chapter 
3). These effects were observed to be consistent amongst Merino and non-Merino breeds. 
However, similar survey data collected from producers in New Zealand indicated that the effect 
of mob size on lamb survival was evident only in Merinos. These data also indicated that 
stocking rate did not influence the survival of lambs (Chapter 3). Merino ewes are recognised 
to have poorer maternal abilities compared to non-Merino ewes (Alexander et al. 1983a; 
Nowak 1996).  Hence, it could be expected that the risk of mismothering and lamb mortality 
may be greater at higher lambing densities, or when a greater number of lambs are born per 
day. It is also unclear how environmental factors such as FOO and the characteristics of the 
lambing paddock influence the relationship between lambing density and lamb survival. Hence, 
experimental research is required to quantify the effects of mob size and stocking rate on lamb 
survival across different breeds, environments and management conditions on commercial 
farms. The experiments reported in this paper tested the hypotheses that; (i) the survival of 
twin-born lambs on commercial farms in southern Australia will be greater when ewes lamb in 
smaller mobs and at lower stocking rates, and (ii) the effects of mob size and stocking rate will 
be greater in Merinos compared to non-Merino breeds. 
 
4.2. Materials and Methods 
All procedures described were performed according to the guidelines of the Australian Code 
of Practice for the Use of Animals for Scientific Purposes 2013. The research received approval 
from the Animal Ethics Committees at Murdoch University (R2825/16), University of 
Adelaide (S-2016-077) and Department of Economic Development, Jobs, Transport and 
Resources (2016-11). 
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4.2.1. Research site, animals and experimental design 
Research was conducted on 60 commercial sheep farms across Western Australia (WA; n = 
14), South Australia (SA; n = 5) and Victoria (VIC; n = 27) during 2016 and 2017. Research 
in New South Wales was conducted during 2017 (NSW; n = 14; Figure 4.1). The experiment 
tested a 2x2 factorial combination of mob size (high or low) and stocking rate (high or low). 
Lambs were born in late autumn and/or winter at all sites. 
 
Figure 4.1. The locations of Merino (black) and non-Merino (grey) research sites across 
southern Australia during 2016 and 2017 
 
At each farm, adult twin-bearing ewes were randomly allocated into one of four mobs on day 
140 from joining; high or low mob size and high or low stocking rate. Mob size refers to the 
number of ewes in the mob at lambing and stocking rate refers to the number of ewes per 
hectare of the lambing paddock. A single breed was used at each research site; Merino or non-
Merino. Merino refers to joining of Merino ewes to Merino rams. Non-Merino refers to joining 
of maternal (Corriedale or Coopworth), first cross (Merino x Border Leicester), terminal 
(Suffolk, White Suffolk, Dorset or Poll Dorset) and composite ewe and ram breeds. The mean 
mob sizes and stocking rates for each breed are presented in Table 4.1.  
 
The four lambing paddocks on each farm were selected to have similar characteristics. The 
characteristics of each lambing paddock were recorded by a single assessor at each research 
site and included the number and type of watering points (dam, trough or creek), shape,  
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Table 4.1. Number of mobs, and mean and quantiles (5% and 95%) for the mob size and 
stocking rate of mobs of twin-bearing Merino and non-Merino ewes which lambed at the 
high and low treatments across southern Australia during 2016 and 2017 
  Mob size Stocking rate (ewes/ha) 
  n Mean 5% 95% n Mean 5% 95% 
Merino 
High 33 239 200 325 32 7.1 4.6 11.0 
Low 32 94 75 157 33 4.7 2.3 9.0 
Non-
Merino 
High 26 244 200 349 26 8.1 5.6 10.1 
Low 26 97 75 179 26 5.9 3.6 8.0 
 
Table 4.2 Mean and quantiles (5% and 95%) for the condition score of mobs of twin-
bearing ewes and feed-on-offer (FOO; kg DM/ha) at lambing and marking, chill index 
during lambing (kJ/m2.h) and availability of shelter within the lambing paddocks (%) 
across southern Australia during 2016 and 2017 
 Mean 5% 95% 
Lambing condition score 3.1 2.8 3.5 
Marking condition score 2.8 2.4 3.2 
Lambing FOO 1664 428 2731 
Marking FOO 1658 804 2950 
Chill index 1054 976 1104 
Shelter availability 13 0 46 
 
topography, type and proportion of each shelter type within the paddock and the total 
availability of shelter within the paddock expressed as a proportion of the paddock area. The 
mean and quantiles (5% and 95%) for the availability of shelter within lambing paddocks 
across all research sites are shown in Table 4.2. Shelter types within the paddock were 
categorised as high cover of greater than 1 metre, including trees or tall shrubs, or low cover 
of 1 metre or less, including low shrubs or scrub, tall forage, rocks and gullies (Table 4.3). 
Paddock shape was categorised as rectangular, square, triangular or irregular. Topography was 
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categorised as flat (level; 0° slope), gently undulating (very gentle inclines; ≈1-5° slope), 
undulating (gentle inclines; ≈5-10° slope), rolling (moderate inclines; ≈10-20° slope) or steep 
(steep inclines; ≈20-30° slope) according to the main slope/s of the paddock (Table 4.3).  
 
Table 4.3. Number and proportion of paddocks for each category of shape, topography 
and shelter, and the number and type of watering points at research sites across southern 
Australia during 2016 and 2017 
  n % 
Paddock shape Square 52 21.7 
Rectangular 136 56.7 
Triangular 4 1.7 
Irregular 48 20.0 
Paddock topography Flat 84 35.0 
Gently undulating 88 36.7 
Undulating 40 16.7 
Rolling 24 10.0 
Steep 4 1.7 
Shelter type High cover 166 69.2 
Low cover 17 7.1 
High and low cover 41 17.1 
None 16 6.7 
Watering points 0 8 3.3 
1 168 70.0 
2 56 23.3 
3 4 1.7 
4 4 1.7 
Type of watering point Dam 112 46.7 
Creek 4 1.7 
MultipleA 116 48.3 
None 8 3.3 
A Includes dams, troughs and creeks 
49 
4.2.2. Animal management and treatments 
Twin-bearing ewes were identified for the experiment following pregnancy scanning. Ewes 
were randomly allocated into a treatment on day 140 from joining. At allocation, 50 ewes from 
each mob were randomly selected and condition scored to determine the mean condition score 
of the mob. Ewes were condition scored using 0.25 score increments on a scale of 1 to 5, as 
described by Russel (1984). Ewes were then moved to their allocated lambing paddocks where 
they remained until lamb marking, defined as 160 ± 10 days following the end of joining. At 
lamb marking the number of live ewes and lambs in each mob were counted and the same 50 
selected ewes in each treatment were condition scored by the same assessor at each research 
site. The mean and quantiles (5% and 95%) for the condition score of ewes at lambing and 
marking across all research sites are shown in Table 4.2. Entry of farm personnel into the 
lambing paddocks was limited over lambing to minimise potential mismothering of lambs. 
Management aimed for FOO to be similar across all paddocks. Where necessary, ewes were 
supplementary fed using a trail feeder and/or hay (n = 6 sites). Details of supplementary feeding 
including the type and amount (kg/hd/day) of feed were recorded. Two sites provided ewes 
with access to ad libitum hay, one provided ewes with a barley, oat and lupin mix at 
1.14kg/hd/day and the remaining three sites provided ewes with hay in addition to oats and/or 
lupins at between 0.25 and 0.45 kg/hd/day for part or all of the lambing period. 
 
4.2.3. Assessment of feed-on-offer 
Visual estimates of FOO (kg DM/ha) were made at 25 sites in each paddock on day 140 from 
joining and at lamb marking by the same assessor at each research site. Calibration of the visual 
assessments was undertaken using eight 0.1m2 quadrat cuts which were taken from across the 
four paddocks and represented the range of FOO observed. Pasture within each quadrat was 
harvested to ground level. Soil and foreign matter was removed from the samples. The pasture 
samples were dried in an oven at 65°C and then weighed to determine the dry matter content. 
The mean and quantiles (5% and 95%) for FOO at lambing and marking across all research 
sites is shown in Table 4.2. 
 
4.2.4. Weather conditions during lambing 
Data for temperature, rainfall and wind speed between day 140 from joining and lamb marking 
was collected via the Bureau of Meteorology. Daily chill index was calculated for each research 
site using the formula described by Donnelly (1984). The average chill index between lambing 
and marking is shown in Table 4.2. 
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4.2.5. Statistical analysis 
All statistical analyses were performed using GENSTAT (VSN International 2012). For all 
analyses, terms were only included if they were statistically significant (P<0.05). Lamb 
survival for each mob was calculated according to the number of fetuses identified at pregnancy 
scanning and the number of lambs marked. 
 
Feed-on-offer and ewe condition score at day 140 from joining and lamb marking were 
assessed using the method of restricted maximum likelihood. Mob size (high or low), stocking 
rate (high or low), breed and interactions thereof were fitted as fixed effects and state, year 
(nested within state) and farm (nested within year) were fitted as random terms. For analysis 
of feed-on-offer and ewe condition score at marking, the measurement at lambing was included 
as a covariate. 
 
Lamb survival was also assessed using the method of restricted maximum likelihood. Mob size 
(high or low), stocking rate (high or low), mob size by stocking rate, breed, ewe condition score 
at lambing and marking, FOO at lambing and marking, whether the ewes were supplementary 
fed (yes or no), amount of supplementary feed (kg/hd/day), the shape, topography category, 
type of shelter within the paddock (high cover, low cover, mixed or none), total availability of 
shelter within the paddock (%), and number and type (dam, creek, trough or multiple) of 
watering points within the lambing paddock were fitted as fixed effects. The linear and 
quadratic effects of covariates were tested. Interaction of mob size and stocking rate with all 
fixed effects and covariates were also examined. The random terms fitted were state, year 
(nested within state) and farm (nested within year). To determine the linear effect of mob size, 
from the above analysis all significant fixed terms were retained with the actual values for mob 
size replacing the high or low treatments within the same mixed model structure.  
 
4.3. Results 
4.3.1. Ewe condition score and feed-on-offer 
The mean condition score of ewes and FOO was consistent across the four treatments when 
ewes were allocated to their mobs and paddocks at lambing (Table 4.4). There was also no 
difference between treatments in the mean condition score of ewes at marking (Table 4.4).  The 
mean condition score of ewes did not differ between breeds at lambing or marking.  
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There was no difference in FOO at marking between mob sizes, however FOO was 252 kg 
DM/ha greater at the low compared to the high stocking rates (1780 vs 1528 kg DM/ha; 
P<0.001). Feed-on-offer at lambing and marking did not differ between the Merino and non-
Merino sites.  
 
Table 4.4. Mean (± standard error) condition score, feed-on-offer (FOO; kg DM/ha) and 
lamb survival to marking (%) for mobs of twin-bearing Merino and non-Merino ewes 
which lambed at the high and low mob size (MS) and stocking rate (SR) treatments across 
southern Australia during 2016 and 2017 
  High MS + 
High SR 
High MS + 
Low SR 
Low MS + 
High SR 





Lambing 3.1 ± 0.03 3.1 ± 0.03 3.1 ± 0.03 3.1 ± 0.03 0.643 
Marking 2.7 ± 0.07 2.8 ± 0.07 2.8 ± 0.07 2.8 ± 0.07 0.823 
FOO 
Lambing 1541 ± 214 1525 ± 214 1567 ± 214 1505 ± 214 0.557 
Marking 1499 ± 92 1778 ± 92 1556 ± 92 1781 ± 92 0.517 
Lamb survival 74.1 ± 1.52 74.9 ± 1.51 77.1 ± 1.52 77.4 ± 1.52 0.732 
A P-value corresponds to the effect of mob size by stocking rate 
 
Table 4.5. Mean (± standard error) for survival of twin lambs of Merino and non-Merino 
breed born at the high and low mob sizes and stocking rates at sites across southern 
Australia during 2016 and 2017 
 
 
High Low P-value A 
Mob size Merino 69.0 ± 1.6 71.8 ± 1.6 
<0.001 
 Non-Merino 80.0 ± 1.8 82.8 ± 1.8 
Stocking rate Merino 70.1± 1.6 70.7 ± 1.6 
0.423 
 Non-Merino 81.1 ± 1.8 81.7 ± 1.8 
A P-value corresponds to the main effects of mob size and stocking rate 
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4.3.2. Lamb survival to marking 
Survival of non-Merino lambs was 11.0% greater than that of Merino lambs (Table 4.5; 81.4 
vs 70.4%; P<0.001). Lamb survival was 2.8% greater at the low mob size compared to the high 
mob size, regardless of breed (Table 4.5; P<0.001). Decreasing mob size at lambing by 100 
twin-bearing ewes increased the survival of their lambs by 2.0% (Figure 4.2). The regression 
coefficients for the prediction of lamb survival from mob size and breed are shown in Table 
4.6. There was no difference in the survival of lambs born at the high and low stocking rates 
(Table 4.5). There were also no effects of mob size by stocking rate, mob size by breed or 
stocking rate by breed on lamb survival.  
 
Ewe condition score and FOO at lambing and marking, supplementary feeding and the amount 
of supplement fed, availability of shelter, number and type of watering points, shape and 
topography of the lambing paddock had no effect on lamb survival and there were no 
interactions with treatment (mob size by stocking rate), mob size, stocking rate or breed. 
 
Table 4.6 Regression coefficients (± standard error) for restricted maximum likelihood 
model which predicts survival of twin-born lambs to marking (%) from mob size and ewe 
breed across southern Australia. 
All possible models were examined with statistical significance of terms accepted at P<0.05. 
Term Coefficient P-value 
ConstantA 73.8 ± 1.69 - 
Mob size -0.020 ± 0.004 <0.001 
Non-Merino 11.08 ± 1.69 <0.001 
A Constant is for survival of a twin lamb born to an adult Merino ewe 
 
4.4. Discussion 
Survival of twin-born lambs was greater at the low compared to the high mob sizes. Reducing 
mob size at lambing by 100 twin-bearing ewes increased survival by 2%. There was no effect 
of stocking rate or mob size by stocking rate on lamb survival. Therefore, our first hypothesis 
was partially accepted. The effect of mob size on lamb survival did not differ between breeds, 
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Figure 4.2. The effect (± 95% confidence intervals) of increasing the mob size of twin-bearing 
Merino (thin line) or non-Merino (thick line) ewes on the survival of their lambs born across 
southern Australia during 2016 and 2017. The circular dots represent the raw data for Merino 
mobs and the triangular dots represent the raw data for non-Merino mobs. 
 
thus our second hypothesis was not supported. The linear effect of mob size on lamb survival 
was lower than that observed from survey data collected from producers in south-eastern 
Australia where survival of twin-born lambs decreased by 3.5% per additional 100 ewes in the 
mob at lambing (Chapter 3). However, consistent with this study the effect of mob size did not 
differ between breeds (Chapter 3). This is surprising given Merino ewes are known to have 
stronger flocking behaviours which could amplify the effects of lambing density on lamb 
survival (Stevens et al. 1981; Arnold and Maller 1985; Alexander et al. 1990b). It is expected 
that higher mob sizes compromise lamb survival due to a greater number of lambs born per 
day. The greater number of lambing ewes and accumulation of amniotic fluids and newborn 
lambs may increase the risk of interference from other lambing ewes and subsequent 
mismothering. However, the rate of interaction between lambing ewes during the immediate 
periparturient period was not observed to differ between mob sizes in Chapter 5 and Chapter 
6. This suggests that any adverse effects of mob size on ewe-lamb behaviour occur in the 



























There was no difference in lamb survival between stocking rates at lambing. Previous studies 
using small mob and paddock sizes have reported variable effects of stocking rate on lamb 
survival (Kenney and Davis 1974; Donnelly 1984; Langlands et al. 1984; Davies and Southey 
2001; Robertson et al. 2012). Similarly, data collected from producers in south-eastern 
Australia also indicated that the effect of stocking rate on lamb survival was small (Chapter 3). 
Most ewes in this study lambed at stocking rates of between 2 and 11 ewes/ha. Reducing 
stocking rate at lambing within this range is therefore unlikely to be a practical or efficient 
strategy for improving lamb survival. The number of lambs born in the mob per day is likely 
to be the most important factor regarding the relationship between lambing density and lamb 
survival. Hence, mob size and pregnancy status will define the number of lambs born per day 
whereas stocking rate will determine paddock size. Stocking rate, and therefore paddock size, 
may not influence lamb survival due to the natural flocking behaviour of domestic sheep breeds 
which results in them maintaining close proximity (Arnold and Maller 1985; Dwyer and 
Lawrence 1999b; von Borstel et al. 2011). Hence, the ewes are unlikely to utilise the entire 
paddock area at any given time. Reducing paddock size and mob size at lambing may therefore 
enhance pasture utilisation whilst improving lamb survival. 
 
Ewe condition score and FOO at lambing were not found to influence the relationship between 
mob size and lamb survival. Hence, this study indicated that the relationship between mob size 
and lamb survival is consistent across mobs in condition score of 2.8 to 3.5 at lambing and 
when FOO is between 430 kg DM/ha and 2700 kg DM/ha at the start of lambing. Feed-on-
offer varied between states and years, and at some sites was below recommended levels for 
winter-spring lambing. However, the optimal condition of ewes at most sites and strategic use 
of supplementary feeding where FOO was very low likely compensated for any adverse 
impacts on lamb survival. The variable findings of Chapter 5 and Chapter 6 suggest that 
reducing mob size may have a greater effect on lamb survival when FOO is poor at lambing. 
Supplementary feeding of ewes when FOO is limited may further amplify the effects of mob 
size on lamb survival due to interference which could cause mismothering or ewe-lamb 
separations. Supplementary feeding was not observed to influence lamb survival in this study, 
however ewes were only supplemented with hay and/or grain via trial feeding at six (10%) of 
the experimental sites during lambing. Therefore, further research is required to understand the 
relationship between mob size, FOO and lamb survival including the effects of supplementary 
feeding during lambing. 
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The relationship between mob size and lamb survival was also not influenced by the 
availability of shelter within the paddock. The risk of lambs dying from hypothermia is high 
when chill index exceeds 1100 kJ/m2.h at lambing (Alexander 1962; Oldham et al. 2011; 
Broster et al. 2012b). The range in the average chill index during the lambing period was small 
in this study and averaged 1054 kJ/m2.h. Therefore, on average lambs experienced reasonably 
high chill conditions during lambing as expected when lambing in winter. At most farms, less 
than 15% of the paddock contained shelter with this mainly being from trees of sparse to 
moderate density. Tall, dense windbreaks created by some trees are effective at reducing 
windspeed, however this is most evident when positioned closest to the windbreak (Bird et al. 
2007). Similarly, shelter will be more effective when positioned relative to the direction of the 
prevailing winds. This will also be influenced by paddock aspect and topography. The shelter 
available within the paddocks in this study may have therefore been ineffective and thus had 
little effect on reducing the chill conditions at lambing. Furthermore, it is unknown whether 
the ewes utilised the shelter available at lambing but it is possible that utilisation was poor 
given the trees at most sites were unlikely to have provided effective shelter. In contrast, 
congregation of ewes nearby effective shelter could amplify the effects of mob size on lamb 
survival, particularly under adverse weather conditions.  
 
Similarly, the relationship between mob size and lamb survival was not influenced by the 
number of watering points, topography or shape of the lambing paddocks. Most paddocks in 
this study were square or rectangular with flat to gently undulating topography. Alexander et 
al. (1990a) found the distribution of birth sites tended to be more scattered in flat paddocks 
whereas ewes tended to lamb at more elevated areas in sloping paddocks. In paddocks of 
varying slope, Knight et al. (1989) observed a large proportion of lambing ewes were 
distributed in the flatter areas of the paddock where FOO was also higher. However, the 
distribution of birth sites and tendency to lamb nearby particular features or areas of the 
paddock, such as fences, rock piles or shady areas, is variable and may differ between breeds 
(Knight et al. 1989; Alexander et al. 1990a; Yamin et al. 1995). Given lambing occurred in 
late autumn and winter-spring, ewes generally had access to green pasture and thus their need 
to seek water was likely low. When pastures are dry or FOO is limited, the risk of mismothering 
could be greater due to the need for ewes to seek feed and water. As a result of the complex 
interactions between paddock characteristics and ewe behaviour, the relationships between the 
characteristics of the lambing paddock, lambing density and lamb survival remain unclear. 
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Nevertheless, paddock characteristics and seasonal conditions which encourage congregation 
of lambing ewes and newborn lambs may promote mismothering and therefore poorer lamb 
survival. Given the variable response in maternal behaviour and lamb survival to the 
characteristics of the lambing paddock, it is imperative that producers keep annual records for 
the survival of lambs within paddocks to allow the best lambing paddocks to be identified and 
prioritised for twin-bearing ewes. 
 
This research has shown that lower mob sizes at lambing increase the survival of twin-born 
lambs on commercial farms across southern Australia, regardless of stocking rate. Ewes were 
typically managed according to best-practice guidelines, however approximately 70% to 80% 
of commercial sheep producers in Australia do not pregnancy scan ewes for singles and twins 
and therefore may not manage ewes under optimal conditions (Jones et al. 2011). For such 
producers, it is unknown whether reducing the mob size of ewes of mixed pregnancy status 
would significantly improve lamb survival. Furthermore, the survival of multiple-born lambs 
may already be compromised if maternal nutrition is not adequate. A benefit-cost analysis is 
required to determine the pay-off associated with reducing mob size including costs associated 
with additional labour and subdivision of paddocks to enable ewes to be lambed in smaller 
mobs. The 2% increase in lamb survival achieved through reducing mob size by 100 twin-
bearing ewes is equivalent to increasing ewe condition score at lambing by 0.1 (Chapter 3). 
Whilst both effects are small, the on-farm adoption of guidelines related to reducing mob size 
at lambing along with those to optimise ewe condition score is likely to improve the survival 
of twin-born lambs. This research suggests that the effect of mob size on lamb survival is 
equivalent for Merino and non-Merino breeds despite the poorer survival of Merino lambs. 
However, further work to understand the reasons for poorer lamb survival at higher mob sizes 
should focus on Merino ewes given they display poorer maternal behaviour and improving the 
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Chapter 5. Mob size of single-bearing or twin-bearing Merino ewes at 
lambing does not influence lamb survival when feed-on-offer is high 
The following chapter is the version submitted for publication: 




Data collected from commercial producers showed that the survival of single- and twin-born 
lambs was lower when mob size at lambing was higher, and this effect was more than double 
in twins. Limited research has also suggested that higher stocking rates at lambing cause 
increased interference from foreign ewes during the periparturient period which disrupts the 
ewe-lamb bond. This study tested the hypotheses that; (i) decreasing the mob size of ewes at 
lambing has a greater impact on the survival of twin-born lambs than single-born lambs, (ii) 
the relationship between mob size and lamb survival can be explained by differences in the rate 
of interaction with foreign ewes and lambs at lambing, and (iii) ewes will utilise a limited area 
of the paddock at lambing and thus lambing density will be defined by the distribution of ewes 
in the paddock rather than the paddock area. Merino ewes bearing singles and twins were 
allocated to lamb separately at a high (n = 130) or low (n = 50) mob size. Each treatment had 
two replicates excepting the low mob size for twins which had a third replicate. All ewes 
lambed at a stocking rate of 11 ewes/ha. Ewes were moved to their allocated paddocks on day 
140 from the commencement of joining where they remained until lamb marking. Feed-on-
offer during lambing exceeded 2400 kg DM/ha. Ewe-lamb behaviour was observed and any 
dead lambs were autopsied over 11 days during the peak of lambing. The proportion of single- 
and twin-bearing ewes and their newborn progeny which interacted with foreign ewes during 
the periparturient period did not differ between the high and low mob sizes. Similarly, 
interaction with foreign lambs did not differ between the high and low mob sizes for single- 
and twin-bearing ewes. The distribution of ewes within the lambing paddock did not differ 
between treatments. Survival of twin-born lambs was lower than single-born lambs (75.3% vs 
87.9%; P<0.01), however lamb survival was not influenced by mob size regardless of birth 
type. These results suggest that higher mob sizes may not compromise lamb survival when 




Lamb mortalities represent a major source of reproductive wastage in the Australian sheep 
industy. Over 80% of lamb mortalities occur during the first 3 days of life (Oldham et al. 2011; 
Refshauge et al. 2016). Survival of lambs during this period is largely dependent on the 
development of a strong ewe-lamb bond. Mutual bonding generally takes at least 12 hours 
following birth and is optimised where interference is minimised by isolation from other ewes 
(Alexander et al. 1983a; Nowak et al. 1989; Keverne et al. 1993). However, isolation at 
lambing and the ability of Merino ewes to bond to their lambs is inhibited by their strong flock 
behaviour. Furthermore, the mortality of twin-born lambs is typically double that of single-
born lambs (Oldham et al. 2011). This is partially associated with a greater risk of becoming 
permanently separated from the twin-bearing ewe due to her poorer mothering ability along 
with the poorer neonatal behaviours of twin-born lambs (Nowak 1996). Therefore improving 
lamb survival requires a focus on strategies which optimise the development of the ewe-lamb 
bond during the first 3 days of life.  
 
Domestic sheep display strong flocking behaviours and this is particularly evident for 
gregarious breeds like Merinos. Therefore, it could be assumed that the distribution of birth 
sites, and thus the lambing density, will largely be defined by the distribution of the mob in the 
paddock rather than the paddock size (Arnold and Maller 1985; Lynch et al. 1992). Research 
using Merinos has shown that typically less than 40% and as few as 2% of ewes isolate 
themselves to lamb (Stevens et al. 1981; Alexander et al. 1990b). The concentration of birth 
sites within the paddock is likely to be driven by the strong attraction of periparturient ewes to 
amniotic fluids and newborn lambs (Arnold and Morgan 1975). This may be exacerbated when 
ewes lamb in larger mobs, where a greater number of lambs are born per day. Higher mob sizes 
at lambing may therefore increase the risk of interference from foreign ewes during the 
periparturient period and compromise lamb survival. 
 
Limited experimental studies using small paddocks and mob sizes have indicated that 
increasing the stocking rate or density of lambed ewes may predispose intereferences from 
other lambing ewes and increase the risk of permanent ewe-lamb separations (Cloete 1992; 
Robertson et al. 2012). Robertson et al. (2012) also suggest that intereference at lambing may 
inhibit ewe-lamb bonding and thereby delay sucking by the lamb following birth. Data 
collected from commercial producers in eastern Australia showed the survival of single- and 
twin-born lambs decreased by 1.4% and 3.5% for each additional 100 ewes in the mob at 
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lambing (Chapter 3). This suggests that reducing mob size could be particularly beneficial for 
improving the survival of twin-born lambs. Similarly, research on 60 commercial farms across 
southern Australia has indicated that reducing mob size at lambing by 100 twin-bearing ewes 
will increase the survival of twin-born lambs by 2%, regardless of breed (Chapter 4). Moving 
prematurely from the birth site and unequal bonding with twin lambs can increase the risk of 
separation between twin-bearing ewes and their progeny (Alexander et al. 1983b; O'Connor et 
al. 1992). Hence, poorer survival of twin-born compared to single-born lambs at higher mob 
sizes may be due to a greater vulnerability to intereference at lambing. This study tested the 
hypotheses that; (i) decreasing the mob size of ewes at lambing has a greater impact on the 
survival of twin-born lambs than single-born lambs, (ii) the relationship between mob size and 
lamb survival can be explained by differences in the rate of interaction with foreign ewes and 
lambs at lambing, and (iii) ewes will utilise a limited area of the paddock at lambing and thus 
lambing density will be defined by the distribution of ewes in the paddock rather than the 
paddock area. 
 
5.2. Materials and Methods 
All procedures described were performed according to the guidelines of the Australian Code 
of Practice for the Use of Animals for Scientific Purposes 2013 and received approval from the 
University of Western Australia and Murdoch University Animal Ethics Committees 
(RA/3/100/1441 and N2808/16). 
 
5.2.1. Research site, animals and experimental design 
The research was performed at the University of Western Australia Future Farm near Pingelly 
in Western Australia (32°30ʹ23ʹʹS, 116°59ʹ31ʹʹE). Merino ewes aged 2 to 6 years were joined 
to a Merino sire in late January and early February 2016. The experiment tested a 2x2 factorial 
design of mob size (high or low) and lamb birth type (single or twin). Single- or twin-bearing 
Merino ewes (n = 770) were each allocated into a replicate of two mob sizes; high (n = 130 
ewes) or low (n = 50 ewes), on day 140 from the commencement of joining. Each mob size 
had two replicates excepting the low mob size for twins which had a third replicate. Ewes were 
allocated into a mob size and replicate according to pregnancy status, age, liveweight at joining, 
flock they were sourced from, sire of the lamb and CIDR removal date. The stocking rate was 
set at 11 ewes/ha across treatments such that ewes in the high and low mob size treatments 
lambed in paddocks of 11.8 ha and 4.5 ha. The allocation of treatments to lambing paddocks 
was randomised. The experimental site consisted of 9 adjacent paddocks with similar shelter 
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and water access. Management aimed for feed-on-offer (FOO) to be similar across all nine 
paddocks when ewes were allocated to paddocks for lambing. For the purpose of mapping 
distribution of the mob, a visual grid network was established across the site by placing unique 
markers at each 50 metre intersect in the paddocks. Lambs were born in late June and early 
July and were marked in late July. The average chill index between lambing and marking was 
1030 kJ m2.h (Donnelly 1984). 
 
5.2.2. Animal management and treatments 
The oestrus cycles of 2310 Merino ewes were synchronised for artificial insemination (n = 
1380) or natural mating (n = 930) using controlled internal drug releases (CIDRs; EAZI-
BREED™ CIDR® Sheep and Goat Devices, Zoetis Australia). CIDRs were inserted into the 
vagina and removed 12 to 14 days later. CIDR insertion and removal was staggered over 5 
days. Upon CIDR removal, ewes were injected with 1.8mL pregnant mare serum 
gonadotrophin (Pregnecol™, Bayer Animal Health). Those ewes to be artificially inseminated 
were then joined with teaser rams at a rate of 29:1 until artificial insemination 48 hours later. 
Ewes naturally mated were immediately joined with rams at a rate of 30:1 for 5 to 10 days. 
Ewes were pregnancy scanned via trans-abdominal ultrasonography in mid-April. Single- and 
twin-bearing ewes were selected for the experiment.  
 
Ewes were weighed and condition scored at joining. Ewes were also condition scored at 
pregnancy scanning, day 95 from the commencement of joining, day 140 from the 
commencement of joining and lamb marking as described by Russel (1984). Ewes were 
managed under the same conditions and grazed paddocks with similar feed-on-offer (FOO) 
from pregnancy scanning until allocation to treatments. On day 140 from the commencement 
of joining ewes were assigned a unique paint brand for identification, allocated to treatments 
and moved to their lambing paddocks. Twin-bearing ewes from two replicates of each mob 
size (n = 360) were also fitted with sensors attached to halters to record interactions between 
ewes (ActiGraph wGT3X-BT; Actigraph, LLC, Pensacola, FL). Two sensors were fitted to 
each halter; one a beacon and the other a receiver as described by Sohi et al. (2017). Ewe-ewe 
interactions within the mob were recorded 24 hours per day for approximately 9 days during 
the peak of lambing. Halters were removed following the end of lambing. Activity monitors of 
16 ewes malfunctioned during lambing. 
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5.2.3. Lambing observations and autopsies 
All ewes were intensively monitored between 07:30 and 16:00 for 11 days commencing 150 
days after removal of the first CIDRs. During intensive monitoring, entry of all personnel into 
the lambing paddocks was restricted such that the paddocks were only entered to provide 
assistance to ewes which were experiencing prolonged lambing difficulty. Details of labour, 
time taken for lambs to stand and interactions with foreign ewes and lambs were recorded 
(Table 5.1). Length of labour was defined as the time between rupture of the amniotic sac and 
expulsion of the lamb. The time between birth of the first and second lambs was defined as the 
time between expulsion of each lamb. Time to stand was defined as the time between birth and 
the lamb standing on all four feet for at least 5 seconds as per Dwyer and Lawrence (1999a). 
Interactions were defined as a foreign ewe or lamb being within 2 ewe body lengths of the ewe 
and her progeny whilst displaying interest. Lambing was observed at the high and low mob 
sizes for 27 and 19 single-bearing ewes and 38 and 33 twin-bearing ewes. The distribution of 
ewes in each paddock was recorded 2 hourly by counting the number of ewes occupying each 
2500m2 grid. After monitoring had concluded for the day, dead lambs were collected for 
autopsy using the procedure described by Holst (2004). A total of 144 lambs were autopsied 
(Table 5.1). The categorisation of dystocia into three sub-categories; dystocia, stillbirth and 
birth injury, is described by Refshauge et al. (2016).  
 
5.2.4. Pasture assessment 
Visual assessments of FOO (kg DM/ha) were made by the same assessor at 20 sites in each 
paddock at day 140 from the commencement of joining and again at lamb marking. The visual 
assessments of FOO at day 140 from the commencement of joining and lamb marking were 
calibrated against ten 0.1m2 quadrat cuts which were taken from across the nine paddocks at 
the corresponding time point (n = 1-2 cuts/paddock/time point). Pasture within each quadrat 
was harvested to ground level. Soil and foreign matter was removed from the samples. The 
pasture samples were dried in an oven at 65°C and then weighed to determine the dry matter 
content. 
 
5.2.5. Statistical analysis 
All statistical analyses were performed using GENSTAT (VSN International 2012). Any terms 




Table 5.1. Total number (range across plots) of observations for behavioural traits 
recorded during the periparturient period, number of autopsies and percentage of dead 
lambs that were autopsied for single and twin lambs born at the low (n = 50 ewes) and 
high (n = 130 ewes) mob sizes 
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Percentage of dead lambs 
autopsied 
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Lamb survival (%), and ewe condition score and FOO (kg DM/ha) at lambing and marking 
were analysed using the method of restricted maximum likelihood (REML). Mob size, birth 
type and mob size by birth type were fitted as fixed effects and lambing paddock was fitted as 
a random term. Data for lamb survival was normalised using an angular transformation to 
justify the assumptions of the analysis. Data are presented in the back-transformed state. For 
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analysis of lamb survival, ewe condition score and FOO at lambing and marking were fitted as 
covariates.  
 
Cause of death of lambs was assessed by fitting Generalized Linear Mixed Models. The 
approach used a logit-transformation and binomial distribution. Data included all lambs 
autopsied during the 11-day observation period. All single-born lambs that were autopsied had 
died from stillbirth, birth injury and starvation-mismothering, therefore analysis for all other 
causes of death includes twin-born lambs only. Only one lamb had died from misadventure and 
one from physical abnormalities, therefore data are not presented for these death categories. 
Mob size, birth type and mob size by birth type were fitted as fixed effects and lambing paddock 
was fitted as a random term. Data are presented in the back-transformed state. 
 
The distribution of ewes within the paddock recorded 2-hourly during the 11-day observation 
period were averaged for each day and expressed as the proportion of the paddock which was 
occupied, or the proportion of 2500m2 grids within the paddock which were occupied. The 
distribution of ewes within the lambing paddock was analysed using REML. Mob size, birth 
type and mob size by birth type were fitted as fixed effects. Date nested within lambing 
paddock and observer were fitted as random effects. 
 
Analysis of length of labour for the first-born lamb (minutes), time between birth of first-born 
and second-born lambs (minutes), time taken for the first-born and second-born lambs to stand 
(minutes), and foreign ewe and lamb interactions included data recorded during the 11-day 
observation period. Length of labour for the first-born lamb, time between birth of first-born 
and second-born lambs, and time taken for the first-born and second-born lambs to stand were 
analysed using ANOVA. Data were log-transformed and are presented in the back-transformed 
state. Foreign ewe or lamb interactions were classified as having a total interaction time of at 
least one minute. Interactions were not observed in two of the paddocks during the 11-day 
observation period, therefore data are for 7 mobs. The incidence of foreign ewe and lamb 
interactions were assessed by fitting Generalized Linear Mixed Models. The approach used a 
logit-transformation and binomial distribution. For these analyses, mob size, birth type and 
mob size by birth type were fitted as fixed effects and lambing paddock was fitted as a random 
term. Data are presented in the back-transformed state. 
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The total number of ewe-ewe interactions per day was determined for each ewe. The mean 
number of ewe-ewe interactions per day was then calculated relative to the day of lambing for 
the four lambing mobs. Analysis included data from ewes with a known date of lambing for a 
period of 7 days prior to and following lambing, including the day of lambing. Mean total daily 
ewe-ewe interactions per mob were log-transformed and analysed by a smoothing spline 
approach as described by Verbyla et al. (1999). A linear effect of day and mob size were fitted 




5.3.1. Mob size, birth type and lamb survival 
There was no mob size by birth type effect on the mean condition score of ewes within the mob 
or FOO at lambing or marking (Table 5.2). The mean mob condition score for single-bearing 
ewes did not differ to that of twin-bearing ewes at lambing but was 0.1 condition score higher 
at marking (3.3 vs 3.2; P<0.01). There was no effect of mob size by birth type on lamb survival 
(Table 5.2). There was also no effect of mob size on lamb survival regardless of birth type. 
Survival of single-born lambs was 12.6% higher than twin-born lambs (75.3% vs 87.9%; 
P<0.01). There was no effect of the mean mob condition score or FOO on lamb survival. 
Similarly, there was no significant mob size by FOO effect on lamb survival. 
 
5.3.2. Cause of lamb death 
All single-born lambs died from stillbirth, birth injury and starvation-mismothering. There was 
no effect of mob size or mob size by birth type on the proportion of lambs which died from 
stillbirth, birth injury or starvation-mismothering. There was also no difference in the 
proportion of single- and twin-born lambs which died from birth injury (33.3% vs 18.70%;  
P = 0.13) and starvation-mismothering (14.3 vs 28.7%; P = 0.16). However, a greater 
proportion of single-born lambs died from stillbirth compared to twin-born lambs (52.8% vs 
16.6%; P<0.05). The proportion of twin-born lambs which died from dystocia (1.1% vs 5.3%; 
P = 0.18), predation (2.6% vs 1.4%; P = 0.74), exposure (4.6% vs 3.5%; P = 0.75), infection 
(9.2% vs 12.3%; P = 0.56) and undiagnosed (6.6% vs 8.7%; P = 0.68) causes did not differ 
between the high and low mob sizes.  
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Table 5.2. Mean (± standard error) condition score of ewes in the mob and feed-on-offer 
(FOO; kg DM/ha) at lambing and marking, and survival to marking for single and twin 
lambs born at the low (n = 50 ewes) and high (n = 130 ewes) mob sizes. Data for lamb 
survival are presented in the back-transformed state with angular transformed means (± 
standard error) presented in brackets. 
 Singles Twins 
P-value A 
 Low High Low High 
Condition score 
at lambing 
3.4 ± 0.02 3.4 ± 0.02 3.4 ± 0.02 3.4 ± 0.02 0.61 
Condition score 
at marking 
3.3 ± 0.03 3.3 ± 0.03 3.2 ± 0.02 3.2 ± 0.03 0.42 
FOO at lambing 2787 ± 540 3013 ± 540 2818 ± 441 3591 ± 540 0.62 
FOO at marking 2443 ± 403 2922 ± 403 2573 ± 329 3014 ± 403 0.96 
Lamb survival 
89.1 
(70.7 ± 2.26) 
86.8 
(68.7 ± 2.26) 
75.0 
(60.0 ± 1.85) 
76.0 
(60.6 ± 2.26) 
0.56 
A P-value corresponds to the effect of mob size by birth type 
 
5.3.3. Duration of labour and time to stand 
Mob size, birth type and mob size by birth type had no effect on the duration of labour for the 
first lamb. The mean duration of labour for single-bearing ewes was 14.9 minutes and for the 
first-born lamb for twin-bearing ewes was 24.8 minutes (P = 0.40). Time between birth of twin-
born lambs did not differ between the high and low mob sizes (27.4 vs 32.8 minutes; P = 0.10). 
There was no effect of mob size, birth type or mob size by birth type on the time taken for first-
born lambs to stand. The mean time to stand was 17.7 minutes for single-born lambs and 15.4 
minutes for first-born twin lambs (P = 0.42). Similarly, there was no difference between the 
high and low mob sizes in the time taken for second-born lambs to stand (13.0 vs 20.6 minutes; 
P = 0.15). 
 
5.3.4. Distribution of ewes in the lambing paddock and mob interactions at lambing 
There was no effect of mob size by birth type, mob size or birth type on the distribution of ewes 
within the lambing paddock. On average, single-bearing ewes which lambed at the high and 
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low mob sizes occupied 34% and 36% of the paddock, and the corresponding values for twin-
bearing ewes were 40% and 43% (P = 0.95).  
 
There was no effect of mob size by birth type, mob size or birth type on the incidence of foreign 
ewe or foreign lamb interactions during the periparturient period. The mean incidence of 
interaction with a foreign ewe at the high and low mob sizes were 24.9% and 20.8% for singles 
and 14.3% and 19.6% for twins (P = 0.74). The mean incidence of interaction with a foreign 
lamb at the high and low mob sizes were 14.5% and 25.2% for singles and 34.5% and 26.4% 
for twins (P = 0.44).  
 
 
Figure 5.1. Predicted total ewe-ewe interactions recorded by activity monitors for twin-bearing 
ewes lambing at the low (thin line; n = 50 ewes) and high (thick line; n = 130 ewes) mob sizes 
on the day of lambing (day 0) and the 7 days prior to and following lambing. Fitted lines are 
for data in the back-transformed state. Raw means for ewes in each lambing paddock are shown 
as crosses for the low mob size and circles for the high mob size. 
 
There was a significant mob size by days to lambing effect on the total number of ewe-ewe 
interactions recorded by activity monitors for twin-bearing ewes (Fig. 1; P<0.01). Initially total 
daily ewe-ewe interactions were higher in the low mob size treatment, however interactions 
































the day of lambing compared to the high mob size (P<0.05). Interactions with other ewes in 
the mob were lowest on the day of lambing regardless of mob size (Figure 5.1). 
 
5.4. Discussion 
The survival of single and twin lambs born at a mob size of 130 ewes did not differ significantly 
to those born at a mob size of 50 ewes. There were also no differences in the rate of interaction 
with a foreign ewe or lamb during the periparturient period. Therefore, our first two hypotheses 
were not supported. However, less than 15% of ewes were observed at the time of lambing. 
Hence, caution is required when drawing conclusions regarding the influence of mob size on 
foreign ewe and lamb interactions at lambing given the limited data collected in this study. 
Regardless of mob size and birth type, ewes only occupied approximately 40% of the paddock 
area at lambing which supports our third hypothesis. 
 
It is possible that the very high FOO in the current study may have encouraged the 
establishment of a strong ewe-lamb bond and therefore masked the effects of mob size on lamb 
survival. Ewe-lamb bonding and lamb survival is optimised when the ewe and her progeny 
maintain close contact in the first 12 hours after birth (Val-Laillet et al. 2004). This is 
particularly important for twins which are at greater risk of becoming separated from the ewe 
(Alexander et al. 1983a; Cloete et al. 1998). The high availability of lush pasture may have 
therefore encouraged the ewe to remain at the birth site rather than to seek feed or water and 
thereby reduced the risk of mismothering and ewe-lamb separations. The high levels of pasture 
may have also provided a degree of privacy at the birth site and prevented interference from 
foreign ewes and lambs. 
 
The average FOO between lambing and marking exceeded 2400 kg DM/ha. Maximal survival 
of Merino lambs is understood to be achieved when FOO at lambing is approximately 2000 kg 
DM/ha (Oldham et al. 2011). Furthermore, feed intake of ewes is near maximum when FOO 
exceeds 2000 kg DM/ha during lactation (Hodgson 1990; Morris et al. 1994). This is supported 
by the minimal change in ewe condition score between lambing and marking with single- and 
twin-bearing ewes losing only 0.1 and 0.2 condition score. The results of the current study 
therefore highlight the need for further research into the relationships between mob size, FOO 
and lamb survival given previous studies have shown that higher mob sizes compromise lamb 
survival. Furthermore, these results suggest that deferring pastures or lambing ewes later in 
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spring when FOO is greater may enable producers to lamb ewes in larger mobs without 
compromising lamb survival. 
 
Ewes were observed to occupy less than 45% of the lambing paddock, regardless of mob size 
and birth type. Therefore, whilst all ewes were stocked at 11 ewes/ha, on average their actual 
density within the paddock was more than double. Hence lambing density, or the number of 
lambs born per hectare per day, is likely to be defined by the distribution of the mob within the 
paddock rather than the paddock area. Over 90% of lambs in this study were born during a 
consecutive 9-day period. It is estimated that approximately 4 and 11 single lambs and 9 and 
20 twin lambs were born per day in the mobs of 50 and 130 ewes.  Hence, lambing density was 
approximately double in the mobs of twins as expected. Therefore, whilst single- and twin-
bearing ewes appear to occupy a similar area of the paddock, the density of lambing ewes and 
newborn lambs would be expected to be twice as high in twin-bearing mobs which may 
increase the risk of mismothering. The limited distribution of ewes within the paddock is not 
surprising given the gregariousness of Merinos and their tendency to remain within the mob at 
lambing rather than to seek an isolated birth site (Stevens et al. 1981; Arnold and Maller 1985; 
Alexander et al. 1990b). However, whilst ewes at the low mob size were observed to occupy a 
similar proportional area of the paddock, data collected from the proximity monitors indicated 
they interacted more with other ewes within the mob prior to lambing but this interaction 
decreased more sharply as lambing approached when compared to the high mob size. This may 
reflect the smaller paddock area and therefore greater likelihood of interacting more frequently 
with other ewes in the mob in the week prior to lambing.  
 
Regardless of mob size, interactions between twin-bearing ewes were observed to decrease 
rapidly in the two days prior to lambing before reaching their lowest on the day of lambing. 
This is consistent with Dobos et al. (2014) who observed the mean distance to other ewes in 
the mob was lower on the day of lambing compared to the days prior to and following lambing 
using Global Navigational Satellite System technology. Furthermore, Dobos et al. (2015) 
observed ewes spent less time foraging and more time stationary on the day of lambing. A 
gradual increase in ewe-ewe interactions from days 1 to 7 following lambing, albeit lower than 
those prior to lambing, is likely to reflect increased activity of the ewe with her newborn lambs. 
Similarly, Dobos et al. (2014) observed mean daily speed of ewes was lower in the 7 days post 
lambing compared to the 7 days prior to lambing. Therefore, whilst research has indicated that 
the majority of Merino ewes do not isolate themselves to lamb, their activity is lower on the 
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day of birth which is expected to reflect the lambing process and development of the ewe-lamb 
bond at the birth site. 
 
No differences were observed between mob sizes in the proportion of ewes which interacted 
with a foreign ewe or lamb during the period immediately surrounding birth. Similarly, the 
duration of labour and time taken for lambs to stand following birth did not differ between mob 
sizes. It could be expected that increased interaction between lambing ewes and newborn lambs 
at higher mob sizes would increase the risk of prolonged births or dystocia and inhibit the 
expression of normal maternal and neonatal behaviours. Although, mob size was not found to 
influence lamb survival in the current study and as such it is not surprising that no behavioural 
differences were observed between mob sizes.  However, the limited number of observations 
and limited period of behavioural observation in the current study restricts interpretation of the 
behavioural data. This highlights the challenge of recording details of lambing via human 
observation when ewes lamb under commercial conditions.  
 
Approximately two thirds of lambs which died during the study were collected for autopsy. 
However, a lower proportion of single lambs born at the high mob sizes were collected for 
autopsy. It is likely that the reduced proportion of single-born lambs autopsied from the high 
mob size treatments was reflective of the reduced ability to identify the limited number of dead 
lambs within the larger paddocks when FOO was very high. It is not unexpected that there was 
no difference in the proportions of cause of lamb death between mob sizes given there was no 
difference in lamb survival. Consistent with previous research, the primary causes of death in 
this study were dystocia and starvation-mismothering (Haughey 1973; Holst et al. 2002; 
Refshauge et al. 2016). However, the rate of infection observed in this study is higher than that 
reported previously and is expected to be the result of the high FOO (Refshauge et al. 2016). 
Therefore, lambing ewes in paddocks with excessive FOO during winter-spring may increase 
the risk of infection in lambs presumably due to a greater prevalence of infectious agents 
harboured in damp pasture and a greater risk of mastitis. 
 
This study was limited by the number of observations of ewe-lamb behaviour at lambing. 
Hence, further research is required to understand the relationship between mob size, birth type 
and lamb survival. Similarly, research utilising sensor technology fitted to both ewes and lambs 
could enable further exploration of the relationship between mob size, interactions with foreign 
ewes or lambs and lamb survival throughout the entire lambing period. Given previous research 
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has shown that the survival of single- and twin-born lambs is influenced by mob size, the 
current study indicates that this is partially dependent upon the seasonal conditions. 
Understanding the relationship between mob size, FOO and lamb survival is therefore 
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Chapter 6. Reducing mob size at lambing increases the survival of twin-
born Merino lambs when feed-on-offer is limited 
The following chapter is the version submitted for publication: 
Lockwood A, Hancock S, Kearney G, Thompson A (2018). Animal  
 
Abstract 
Improving the survival of twin-born Merino lambs is a high priority for the Australian sheep 
industry. Data collected from commercial producers has shown that on average higher mob 
sizes at lambing decrease the survival of twin-born lambs. However, our recent work suggested 
that this effect of mob size on lamb survival may not be evident when there is excess feed-on-
offer during the lambing period.  Under conditions with limited feed-on-offer during lambing, 
we retested the hypothesis that a higher mob size will result in poorer lamb survival and that 
this is related to a greater rate of interaction with foreign ewes and lambs during the 
periparturient period. Twin-bearing Merino ewes were allocated into one of two treatments on 
day 140 from joining; high (n = 210 ewes) or low (n = 55 ewes) mob size, with three replicates 
of each treatment. Feed-on-offer at lambing was below 390 kg DM/ha and ewes were 
supplementary fed until marking. Behaviour during the periparturient period was observed for 
14 days during the peak of lambing. Dead lambs were also collected for autopsy during this 
period. The survival of lambs to marking was recorded for each mob. Lamb survival was 6.2% 
greater at the low mob size compared to the high mob size (P<0.05). The proportion of ewes 
which interacted with a foreign ewe or foreign lamb at lambing did not differ significantly 
between mob sizes. Whilst the relationship between mob size, ewe-lamb behaviour and lamb 
survival remains unclear, this study shows the survival of twin-born Merino lambs is 
significantly improved by lambing ewes in smaller mobs when feed-on-offer is limited. 
 
6.1. Introduction 
Improving the survival of twin-born lambs is the highest priority for increasing reproductive 
performance within the Australian sheep industry (Young et al. 2014b). Analysis of data 
collected from commercial producers in eastern Australia showed a negative linear relationship 
between mob size at lambing and lamb survival. The survival of twin-born lambs was observed 
to decrease by 3.5% for each additional 100 ewes in the mob at lambing which was more than 
double the effect observed in single-born lambs (Chapter 3). This highlights a particular 
opportunity to improve the survival of twins by reducing mob size at lambing. The reasons for 
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lower lamb survival at higher mob sizes are poorly understood, however are expected to be 
related to the greater number of lambs born per day, or higher lambing density. Increasing the 
density of lambed ewes has been linked with an increased risk of permanent ewe-lamb 
separations (Cloete 1992). Furthermore, Robertson et al. (2012) found that 24% more lambs 
died between birth and marking at a stocking rate of 30 ewes/ha compared to 16 ewes/ha. These 
deaths were partly associated with starvation and mismothering which may be the result of 
interference from other ewes during the periparturient period.  Therefore, higher mob sizes and 
stocking rates may be associated with adverse changes in ewe-lamb behaviour during the 
periparturient period which compromise lamb survival. 
 
The periparturient period is a sensitive period for the ewe and lamb. Ewes may display maternal 
behaviour and become attracted to amniotic fluids and newborn lambs a few hours prior to 
lambing themselves (Arnold and Morgan 1975; Poindron et al. 1988). Interference during 
labour can inhibit uterine contractions and may increase the risk of dystocia or prolonged births 
leading to poorer lamb survival (Naaktgeboren 1979). Attraction of foreign, periparturient ewes 
to amniotic fluids and newborn lambs may also interfere with the development of the ewe-lamb 
bond or result in cross-fostering that could inhibit survival of the ewe’s own or foreign progeny. 
Alexander et al. (1983a) observed 22% of twin-bearing Merino ewes which became 
permanently separated from their lambs had experienced interference from foreign ewes or 
lambs. Subsequently a majority of separated lambs died (79%) with the remainder being cross-
fostered by other lambing ewes. Therefore, at higher mob sizes, where there is a greater number 
of ewes lambing per day, the risk of interference to lambing ewes and newborn progeny may 
be expected to be greater thereby compromising lamb survival. However, mob size was not 
observed to affect interaction with foreign ewes or lambs at lambing or lamb survival when 
feed-on-offer (FOO) at lambing exceeded 2400 kg DM/ha (Chapter 5). It could be expected 
that the effect of mob size on lamb survival may be more evident when FOO at lambing is 
lower due to poorer ewe-lamb behaviour. 
 
Poor maternal nutrition during late pregnancy and lactation can compromise ewe-lamb 
behaviour and lamb survival. Ewes fed a restricted diet throughout pregnancy were observed 
to spend less time grooming their progeny after birth and more time eating (Dwyer et al. 2003a; 
Freitas-de-Melo et al. 2015). Lambs born to ewes which lose more body condition during 
pregnancy also take longer to stand and suck following birth and are less active in the first 3 
days of life (Dwyer 2003). Lamb survival may be compromised when FOO at lambing is below 
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800 kg DM/ha due to lower birthweight and is optimised when FOO at lambing is 2000 kg 
DM/ha (Oldham et al. 2011). Furthermore, survival of twin-born lambs at the average 
birthweight was observed to decrease by 8% when FOO at lambing decreased from 2000 kg 
DM/ha to 1000 kg DM/ha (Oldham et al. 2011). Therefore, reducing FOO at lambing may 
result in poorer ewe-lamb behaviour independent of birthweight. It could be expected that very 
low FOO at lambing would decrease the time spent at the birth site as ewes move away to graze 
and seek water (Alexander et al. 1983b; Nowak 1996; Oldham et al. 2011). Cloete (1992) 
found that permanent separations of ewes from one or more of her lambs was 20% to 30% 
higher when the ewe spent two or less hours at the birth site compared to ewes which spent at 
least two hours at the birth site. The increased activity of ewes and their newborn progeny soon 
after lambing would be expected to increase interaction with other foreign lambing ewes and 
newborn lambs which may further increase the risk of ewe-lamb separation and lamb mortality 
(Nowak 1996). Therefore, a higher mob size at lambing coupled with low FOO could 
exacerbate the risk of mortality of twin-born lambs. Hence, under conditions with low FOO 
during lambing, we retested the hypothesis that a higher mob size will result in poorer lamb 
survival and that this is related to a greater rate of interaction with foreign ewes and lambs 
during the periparturient period. 
 
6.2. Materials and Methods 
All procedures described were performed according to the guidelines of the Australian Code 
of Practice for the Use of Animals for Scientific Purposes 2013 and received approval from the 
University of Western Australia and Murdoch University Animal Ethics Committees 
(RA/3/100/1523 and NS2973/17). 
 
6.2.1. Research site, animals and experimental design 
The research was performed at the University of Western Australia Future Farm near Pingelly 
in Western Australia (32°30ʹ23ʹʹS, 116°59ʹ31ʹʹE). Merino ewes aged 2 to 5 years and from two 
different flocks were joined to Merino sires in late January and early February 2017. Ewes 
were pregnancy scanned via transabdominal ultrasonography in early April to identify 
pregnancy status (single or twin) and foetal age. Twin-bearing ewes were randomly allocated 
into one of three replicates of two treatments on day 140 from joining with rams; high (n = 210 
ewes) or low (n = 55 ewes) mob size, according to age (adult or maiden), time of joining, foetal 
age and condition score at pregnancy scanning. Foetal age was categorised as early or late at 
pregnancy scanning where early were fetuses aged over 74 days and late were fetuses aged 54 
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to 74 days. The experimental site consisted of six adjacent paddocks with similar shelter, 
pasture composition and access to water. Each treatment was allocated to a lambing paddock 
using a restricted randomisation to account for slight variation in paddock characteristics. The 
stocking rate was set at 8.5 ewes/ha across all treatments such that ewes in the high and low 
mob size treatments lambed in paddocks of 24.7 ha and 6.5 ha. Lambs were born in late June 
and early August and were marked in mid-August. The average chill index between lambing 
and marking was 1009 kJ m2.h (Donnelly 1984). 
 
6.2.2. Animal management and measurements 
Ewes were body condition scored at pregnancy scanning, day 140 from joining and lamb 
marking as described by Russel (1984) on a scale of 1 to 5 using 0.25 increments. Ewes were 
managed under the same conditions and grazed paddocks with similar FOO from pregnancy 
scanning until day 140 from joining, when they were assigned a unique paint-brand for 
identification, allocated to treatments and moved to their lambing paddocks. Ewes were 
supplementary fed twice weekly between lambing and marking via trail feeding the equivalent 
of 830g of oats/head/day. Bales of oaten hay were also placed in the paddocks at four locations 
for the high mob size treatments and two locations for the low mob size treatments. Fresh bales 
of hay were placed at the designated locations in each paddock weekly such that the hay was 
available ad libitum. 
 
All ewes were intensively monitored for 14 days during the peak of lambing. Between 07:00 
and 08:00 each day, lambs were captured, ear tagged and their dam brand recorded (n = 968). 
Dead lambs (n = 227) were also collected each morning for autopsy using the procedure 
described by Holst (2004). The categorisation of dystocia into three sub-categories; dystocia, 
stillbirth and birth injury, is described by Refshauge et al. (2016). The number of lambs 
autopsied is shown in Table 6.1. Between approximately 08:00 and 16:00 each day all mobs 
were monitored by observers at six locations which were selected to maximise visibility of 
ewes in the six paddocks. Once a ewe was observed to be in labour, observers recorded details 
of lambing, ewe-lamb behaviours and interactions with foreign ewes and lambs (Table 6.1). A 
total of 102 ewes were observed at lambing. The time between birth of the first and second 
lambs was defined as the time between expulsion of each lamb. Time to stand was defined as 
the time between birth and the lamb standing on all four feet for at least 5 seconds as per Dwyer 
and Lawrence (1999a). Interactions were defined as a foreign ewe or lamb being within two 
ewe body lengths of the ewe and her progeny whilst displaying interest. Ewes and lambs 
76 
remained in their paddocks until lamb marking, when the number of ewes and lambs in each 
mob was counted. Lamb survival was calculated according to the number of fetuses allocated 
at lambing and the number of lambs marked per paddock. 
 
Table 6.1. Total number (range across paddocks) of observations for behavioural traits 
observed during the periparturient period for the low (n = 55 ewes) and high (n = 210 
ewes) mob sizes 
 Low High 





















6.2.3. Pasture assessment 
Visual assessments of FOO (kg DM/ha) were made by the same assessor at 20 to 25 sites in 
each paddock at peak lambing (approximately 165 days from joining with rams) and again at 
lamb marking. The visual assessments of FOO at peak lambing and lamb marking were 
calibrated against ten 0.1m2 quadrat cuts which were taken from across the six paddocks at the 
corresponding time point (n = 1-2 cuts/paddock/time point). Pasture within each quadrat was 
harvested to ground level. Soil and foreign matter was removed from the samples. The pasture 
samples were dried in an oven at 65°C and then weighed to determine the dry matter content. 
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6.2.4. Statistical analysis 
All statistical analyses were performed using GENSTAT (VSN International 2012). For all 
models, mob size was fitted as a fixed effect and lambing paddock was fitted as a random term. 
Terms were only included if they were significant statistically (P<0.05).  
 
Survival of lambs to marking (%), mean condition score of ewes in the mob and FOO (kg 
DM/ha) at lambing and marking, time between birth of the first and second lambs (minutes), 
and time taken for the first- and second-born lambs to stand (minutes) were analysed using 
ANOVA. Data for one ewe was removed from the analysis of time between birth of the first 
and second lambs, and two lambs were removed from the analysis of time taken for the second-
born lamb to stand due to leverage effects. For the analysis of lamb survival, ewe condition 
score and FOO at lambing and marking were fitted separately as covariates. The interaction of 
mob size and FOO was also examined.  
 
Foreign ewe or lamb interactions were classified as having a total interaction time of at least 
one minute. For the analysis of foreign lamb interactions, one paddock was removed due to 
insufficient data. Hence analysis of foreign lamb interactions includes data for five paddocks. 
For all ewes observed during lambing, the effect of mob size on the rate of interaction with a 
foreign ewe or lamb was assessed by fitting Generalized Linear Mixed Models. The approach 
used a logit-transformation and binomial distribution. The effect of mob size on the total time 
of foreign ewe or lamb interactions was analysed using ANOVA. Data were log-transformed 
for this analysis and are presented in the back-transformed state.  
 
The effect of mob size on each cause of death was assessed by fitting Generalized Linear Mixed 
Models. Data included all lambs autopsied during the 14-day observation period. The approach 




6.3.1. Mob size and lamb survival 
Lamb survival was 6.2% greater at the low mob size compared to the high mob size (Table 6.2; 
P<0.05). The condition score of ewes and FOO at lambing and marking did not differ between 
treatments (Table 6.2). However, despite an increase in FOO, on average ewes lost 0.5 
condition score between lambing and marking. There was no effect of mean ewe condition 
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score or FOO at lambing or marking on lamb survival. Similarly, there was no significant mob 
size by FOO effect on lamb survival. 
 
Table 6.2. Mean (± standard error) condition score of ewes and feed-on-offer (FOO; kg 
DM/ha) at lambing and marking and survival of lambs to marking (%) for the low (n = 
55 ewes) and high (n = 210 ewes) mob sizes 
 Low High P-value 
Condition score at lambing 3.2 ± 0.03 3.2 ± 0.03 0.95 
Condition score at marking 2.7 ± 0.04 2.7 ± 0.04 0.97 
FOO at lambing 383 ± 36 293 ± 36 0.15 
FOO at marking 565 ± 45 459 ± 45 0.17 
Lamb survival 79.9 ± 0.93 73.7 ± 0.93 <0.05 
 
The proportion of lambs which died from each cause of death did not differ between mob sizes 
(Table 6.3). The primary causes of death of lambs were stillbirth, birth injury and exposure. 
No lambs were categorised as dying due to infection or misadventure. 
 
6.3.2. Ewe-lamb behaviour and interactions at lambing  
The time between birth of the first-born and second-born lambs did not differ between the high 
and low mob sizes (19.3 vs 26.0 minutes; P = 0.15). There were also no differences between 
the high and low mob sizes in the time to stand for first-born lambs (16.3 vs 14.7 minutes; P = 
0.54) or second born lambs (12.7 vs 14.5 minutes; P = 0.43). 
 
The proportion of ewes and their newborn progeny which were observed to experience 
interaction with a foreign ewe (27.7% vs 16.4%; P = 0.32) or foreign lamb (40.2% vs 14.5%; 
P = 0.13) during the periparturient period did not differ between the high and low mob sizes. 
The total time of interaction with a foreign ewe (6.6 vs 4.1 minutes; P = 0.30) or a foreign lamb 




Table 6.3. The total number of lambs autopsied and proportion (%) which died from each 
cause of death category at the low (n = 55 ewes) and high (n = 210 ewes) mob sizes during 
the 14-day observation period. Data are presented in the back-transformed state with 
logit transformed means (± standard error) presented in brackets.  
 Low High P-value 
n 39 188 - 
Dystocia 
5.1 
(-2.9 ± 0.73) 
6.9 




(-1.4 ± 0.48) 
16.7  




(-1.1 ± 0.38) 
22.8 




(-1.7 ± 0.44) 
17.0 






(-3.3 ± 0.80) 
0.44 
Death in utero/premature 
7.7 
(-2.5 ± 0.60) 
2.7 




(-1.5 ± 0.42) 
22.3 




(-3.1 ± 1.09) 
0.5 




(-3.6 ± 1.01) 
5.9 






The survival of twin-born Merino lambs to marking was 6.2% higher at the low mob size of 
55 ewes compared to the high mob size of 210 ewes. There were no significant differences 
between mob sizes in the proportion of ewes which interacted with a foreign ewe or foreign 
lamb at the time of lambing or in the number or total time of these interactions. Behaviour at 
lambing was observed for less than 20% of ewes. Hence, caution is required when drawing 
conclusions regarding the hypothesis as the results are limited by the number of interactions 
observed at lambing. Nevertheless, survival of twin-born lambs was significantly improved by 
lambing ewes at a lower mob size which partially supports the hypothesis. 
 
The difference in lamb survival observed between mob sizes in this study represents a decrease 
of 4% per extra 100 twin-bearing ewes in the mob. This is similar to the linear effect of mob 
size observed in Chapter 3. However, the survival of single and twin lambs born at mob sizes 
of 50 and 130 was not observed to differ when FOO exceeded 2400 kg DM/ha between lambing 
and marking (Chapter 5). Given the difference between the two mob sizes in the current study 
was nearly double, it would be expected that the difference in survival of lambs would be 
greater. In the current study, about 75% of ewes lambed during a consecutive 20-day period. 
Approximately 5 and 15 lambs per day were born at the low and high mob sizes during this 
peak lambing period. The synchronisation of ewes for joining in Chapter 5 resulted in a shorter 
peak lambing period compared to the current study. Hence, although the higher mob size had 
fewer ewes, on average a higher number of lambs were born per day, with approximately 9 and 
20 lambs born per day in the mobs of 50 and 130 twin-bearing ewes (Chapter 5). Therefore, 
despite a lower estimated lambing density, the current study observed a significant effect of 
mob size on lamb survival.  
 
The contrasting results of Chapter 5 and Chapter 6 suggest that FOO at lambing may influence 
the impact of mob size on lamb survival. However, the relationship between mob size and lamb 
survival was not influenced by FOO at commercial farms across southern Australia (Chapter 
4). This indicates that supplementary feeding in combination with low FOO during lambing 
could amplify the effect of mob size on lamb survival. In addition to low pasture availability, 
supplementary feeding of ewes under poor seasonal conditions may decrease the time spent at 
the birth site and increase the risk of mismothering and ewe-lamb separation (Alexander et al. 
1983b; Cloete 1992; Nowak 1996). Although ewes in the current study lost more body 
condition between lambing and marking, ewes were in excellent condition score at lambing 
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similar to those in Chapter 5. Furthermore, whilst poorer maternal nutrition is known to 
increase lamb mortality, the differences in survival between mob sizes in the current study were 
not the result of differences in nutritional status (Oldham et al. 2011; Paganoni et al. 2014). 
Hence, our findings indicate that the benefits of reducing mob size on lamb survival may be 
greater when FOO at lambing is limited and ewes are supplementary fed. 
 
Greater lamb survival at the lower mob size could not be explained by differences in ewe-lamb 
behaviour. A limited number of observations were made on interactions between foreign ewes 
or lambs and the parturient ewe with her newborn progeny. Hence, the apparent differences 
between mob sizes in the rate of interaction with a foreign ewe or lamb is due to the limited 
data collected. Given the recording of foreign ewe and lamb interactions was restricted to the 
period immediately surrounding birth, it is also possible that the study failed to include the key 
period for foreign ewe and lamb interactions. For example, interaction with foreign ewes or 
lambs may be greater as the ewe and her progeny leave the birth site. Merino ewes typically 
leave the birth site within 3 hours of lambing (Stevens et al. 1982; Bickell et al. 2010). A 
reduced time spent at the birth site can increase ewe-lamb separations (Alexander et al. 1983b). 
Therefore, it is possible that an increased risk of ewe-lamb separation and lamb mortality may 
be partially associated with increased interaction with foreign ewes or lambs as the ewes and 
her progeny become more active in the hours following lambing. Further research using remote 
sensor technology is required to quantify the relationships between mob size and interactions 
with foreign ewes and lambs throughout lambing.  
 
The observed difference in lamb survival could also not be explained by differences in the 
duration of labour between twin lambs or time taken for the lambs to stand. A longer duration 
between birth of twin-born lambs has been associated with reduced grooming of the lambs by 
the ewe (Dwyer and Lawrence 1998). Standing soon after birth is important for the stimulation 
of the lamb, establishment of the ewe-lamb bond and suckling (Nowak et al. 2007; Nowak et 
al. 2011). Furthermore, lambs which experience a prolonged or difficult birth are recognised 
to take longer to stand and are less likely to suck within 2 hours of birth (Dwyer 2003; Darwish 
and Ashmawy 2011). The time taken for lambs to stand in the current study was similar to 
those reported previously for Merino lambs (Bickell et al. 2010). Therefore, the results from 
this study indicate that lambing ewes at a higher mob size does not increase the risk of 
prolonged or difficult births or inhibit normal ewe-lamb behaviour at birth. Whilst the number 
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of observations at lambing were limited, this further suggests that the effects of mob size on 
ewe-lamb behaviour occur in the several hours following birth.  
 
The proportion of lambs which died from dystocia or starvation-mismothering did not differ at 
the high and low mob sizes. Consistent with the findings of Refshauge et al. (2016), dystocia 
was identified as the major cause of death of lambs. Similar levels of starvation-mismothering 
were reported by Refshauge et al. (2016). However, the proportion of exposure was slightly 
higher in this study which is likely to reflect differences in weather conditions particularly 
given autopsies were conducted during a restricted period in the current study. It is possible 
that regardless of mob size, dystocia and starvation-mismothering will be the predominant 
causes of death given their direct links to birthweight, birth type and ewe-lamb behaviour which 
are key determinants of lamb survival (Darwish and Ashmawy 2011; Dutra and Banchero 
2011; Refshauge et al. 2016). The use of remote technologies fitted to ewes during lambing 
and lambs at birth could enable details of labour and ewe-lamb behaviour during the first 3 
days of life to be linked with subsequent causes of death in lambs. This would allow any 
behavioural reasons for the poorer survival of lambs born at higher mob sizes to be identified 
under commercial conditions. 
 
Whilst it remains unclear why higher mob sizes result in poorer lamb survival, the significant 
effect of mob size observed in this study and other recent work highlights the scope to improve 
lamb survival through reducing the mob size of twin-bearing ewes at lambing. Limited capacity 
to record ewe and lamb behaviour at the time of lambing restricted the ability to explain 
differences in lamb survival between mob sizes in this study. Hence, further research using 
remote technology is required to quantify the relationships between mob size and the rate of 
interaction with foreign ewes and lambs. This should include interactions during labour and 
the following 24 hours when the ewe and lamb are developing a mutual bond and lamb 
mortality is high. The relationship between FOO at lambing, mob size and lamb survival also 
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Chapter 7. General Discussion 
7.1. Opportunities for the improvement of lamb survival 
Improving the survival of twin-born lambs remains a focus for the Australian sheep industry 
(Young et al. 2014b). The allocation of ewes to mobs and paddocks at lambing requires 
consideration of several interlinked factors which influence lamb survival. Maternal nutrition 
during pregnancy is directly correlated with lamb birthweight, which is the main driver of lamb 
survival (Oldham et al. 2011; Paganoni et al. 2014). Maternal nutrition is best managed by 
allocating ewes bearing single and twin lambs into separate mobs. Furthermore, the adoption 
of guidelines for the management of ewe condition score profile and FOO have been shown to 
improve lamb survival in Merinos (Hocking Edwards et al. 2011; Trompf et al. 2011). 
Variability in lamb survival between years and regions is partly explained by the seasonal 
conditions and weather at lambing (Hinch and Brien 2014). Hence, the allocation of ewes to 
well-sheltered paddocks can improve lamb survival under poor weather conditions, particularly 
for twins. However, there is little credible evidence to support recommendations for the mob 
size and stocking rate of ewes at lambing. Previous studies investigating the impacts of mob 
size and stocking rate on lamb survival have mostly been performed on a small experimental 
scale which does not reflect the size of lambing mobs and paddocks on commercial farms. 
Hence, this thesis aimed to quantify the effects of mob size and stocking rate on the survival 
of lambs born on commercial farms to support the development of evidence-based guidelines 
for producers. It also aimed to assess breed, management and environmental factors which may 
influence the relationship between lambing density and lamb survival. Furthermore, the 
research investigated whether improved survival of lambs born at lower mob sizes was 
associated with a reduced rate of interaction with foreign ewes and lambs during the 
periparturient period.  
 
7.2. The effects of mob size and stocking rate at lambing on lamb survival 
Limited research has quantified the impacts of mob size and stocking rate at lambing on lamb 
survival and therefore the magnitude of their effects are poorly understood. A quadratic 
relationship between mob size and lamb survival was identified by Kleemann et al. (2006), 
who suggested that the survival of single- and twin-born lambs was maximised at mob sizes of 
414 and 386 ewes. However, this relationship was not well justified. In contrast, Allworth et 
al. (2017) found survival of twin lambs born in mobs of less than 200 ewes tended to be greater 
than those born in mobs of greater than 200 ewes. However, the categorisation of mob sizes 
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into ranges meant the linear or quadratic effects of a continuum of mob sizes were not assessed. 
Justification is also scarce for recommended stocking rates at lambing. Cloete (1992) and 
Alexander et al. (1983b) suggested stocking rates of 11 ewes/ha and 18 ewes/ha at lambing 
would limit adverse ewe-lamb behaviour and cross-fostering of lambs, however their research 
did not assess relationships between stocking rate and lamb survival.  
 
This thesis has identified linear effects of mob size at lambing on lamb survival of relatively 
small but varying magnitude. Survey data collected from commercial producers in eastern 
Australia showed that the survival of single- and twin-born lambs decreased by 1.4% and 3.5% 
per additional 100 ewes in the mob at lambing, regardless of breed (Chapter 3). The negative 
relationship between mob size and lamb survival was supported by experimental data collected 
on farms across southern Australia. Albeit a lower effect, this study showed that the survival 
of twin-born lambs decreased by 2% per additional 100 Merino or non-Merino ewes in the mob 
at lambing (Chapter 4). These results contrast those of Kleemann et al. (2006) who observed a 
quadratic relationship between mob size and lamb survival in Merinos. Whilst the range in mob 
size (200 – 500 ewes) and lamb survival were similar to the experiments in this thesis, the 
quadratic relationship observed by Kleemann et al. (2006) was weak and involved only 30 
mobs of single-bearing and twin-bearing Merino ewes. Furthermore, the authors highlighted 
the need to assess the influence of factors such as FOO and the paddock characteristics, which 
were examined in this thesis.  
 
Variation in the effect of mob size on lamb survival was observed between Chapter 5 and 
Chapter 6, which reflected two contrasting seasons. The survival of twin lambs born at a mob 
size of 55 ewes was 6.2% higher than those lambs born at a mob size of 210 ewes when feed-
on-offer (FOO) at lambing was below 390 kg DM/ha (Chapter 6). If the effect was linear, this 
is equivalent to a 4% decrease in the survival of twin-born lambs per additional 100 ewes in 
the mob, which is double that observed in the national study. However, the survival of single- 
and twin-born lambs was not observed to differ between mob sizes of 50 and 130 ewes when 
FOO at lambing exceeded 2400 kg DM/ha (Chapter 5). The variation in the effect of mob size 
suggests that it is sensitive to variation in FOO or may be greater when ewes are being 
supplementary fed during lambing. Therefore, dry seasonal conditions resulting in low FOO 
or lambing in autumn rather than winter-spring may influence the relationship between mob 




The effect of stocking rate at lambing on lamb survival appears to be insignificant. Assuming 
the effects were linear, Kenney and Davis (1974) and Robertson et al. (2012) found survival 
of lambs born in small paddocks decreased by 2% to 3% per additional ewe/ha. Analysis of 
producer data showed a smaller effect, whereby increasing stocking rate by 1 ewe/ha decreased 
the survival of lambs by 0.7% regardless of birth type and breed (Chapter 3). Stocking rate was 
not observed to influence lamb survival at experimental sites across southern Australia or from 
data collected from producers in New Zealand (Chapter 3; Chapter 4). The small or null effect 
of stocking rate on lamb survival suggests that mob size rather than stocking rate may be the 
key driver of lambing density. This is not surprising given the strong flocking behaviour of 
domestic sheep breeds and the limited distribution of birth sites within the paddock. Reducing 
the stocking rate of ewes at lambing is therefore unlikely to deliver significant improvements 
in lamb survival, particularly in low rainfall areas where stocking rate is already low.  
 
7.3. The influence of animal, management and environmental factors on the 
relationship between lambing density and lamb survival 
Survey and experimental data collected from Australian producers has indicated that the 
relationship between mob size at lambing and lamb survival is influenced by birth type but not 
breed (Chapter 3; Chapter 4). This suggests that producers who breed Merino and non-Merino 
lambs will equally benefit from reducing mob size at lambing. In contrast, data collected from 
producers in New Zealand suggested that reducing mob size improved the survival of Merino 
but not non-Merino lambs, and that the effect of mob size on lamb survival did not differ 
between birth types (Chapter 3). Mob and paddock sizes were higher in New Zealand which 
highlights the varying environmental and management conditions between countries. The 
reasons for the variable effect of mob size between breeds and birth types in Australia and New 
Zealand may therefore be partly explained by variation in environment and management. Ewe 
condition score and FOO are key measures of maternal nutrition which are known to influence 
lamb survival. As these measurements were not available for the New Zealand surveys, 
variation in lamb survival due to differences in maternal nutrition could not be accounted for. 
 
The survey data collected from both Australia and New Zealand suggested that the effect of 
mob size on lamb survival did not differ between maiden and adult ewes (Chapter 3). However, 
neurological and physiological factors are known to limit the ability of maiden ewes to express 
adequate maternal care and can compromise the survival of their lambs (Levy and Poindron 
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1987; Lévy et al. 1995; Meurisse et al. 2005). If the relationship between mob size and lamb 
survival is associated with adverse changes to ewe-lamb behaviour, for example an increased 
risk of mismothering and ewe-lamb separation, the effect of mob size could be expected to be 
greater in maiden ewes. Whilst the results of Chapter 3 suggested that there was no effect of 
ewe age on the relationship between mob size and lamb survival, experimental evidence would 
be valuable to support or reject this finding.  
 
Ewe condition score did not influence the relationship between mob size and lamb survival. 
The condition score of mobs at lambing was typically between 2.8 and 3.5 for farms surveyed 
in eastern-Victoria and those in the national study (Chapter 3; Chapter 4). Hence, on average, 
ewes were close to optimal condition for both ewe and progeny performance (Curnow et al. 
2011). Feed-on-offer in the national study varied between states and years, and at some farms 
was below recommended levels of 1500 kg DM/ha for winter-spring lambing (Curnow et al. 
2011). However, the excellent condition of ewes and strategic supplementary feeding where 
FOO was very low likely compensated for any adverse impacts on lamb survival. The results 
from the national study therefore largely reflect mobs managed close to current best-practice 
guidelines. Research has shown that poorer nutrition of ewes during late pregnancy can 
compromise ewe-lamb behaviour (O' Doherty and Crosby 1996; Dwyer et al. 2003a; Freitas-
de-Melo et al. 2015). This may be amplified under higher lambing densities where a higher 
rate of mismothering would be expected. Reducing mob size at lambing when ewe condition 
score is suboptimal could therefore have a greater effect on lamb survival. Experimental work 
which tests the relationship between mob size and lamb survival at a suboptimal (2.0-2.5) 
compared to optimal (3.0-3.5) condition score of ewes when grazing the same, adequate level 
of FOO would therefore be useful when developing recommendations for producers under 
different seasonal conditions or management scenarios. 
 
Similar to the condition score of ewes, FOO during late pregnancy and lambing has important 
management implications for producers. The relationship between mob size and lamb survival 
was not influenced by FOO in the national study, where the range in available pasture was 
broad but was typically between 1000 and 2000 kg DM/ha. The contrasting results of Chapter 
5 and Chapter 6 suggest that reducing mob size may have a greater effect on lamb survival 
when FOO is poor at lambing and ewes are supplementary fed. It is expected that these 
contrasting findings are the result of changes in ewe-lamb behaviour independent of 
birthweight given ewes were in optimal condition in both studies. Low FOO at lambing may 
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increase ewe activity to feed and seek water and thus reduce the time spent at the birth site 
(Dwyer et al. 2003a; Freitas-de-Melo et al. 2015). This may increase the risk of ewe-lamb 
separation, particularly for twins which are more likely to become separated from the ewe 
(Alexander et al. 1983a; Putu et al. 1988; Cloete 1992). The effect of supplementary feeding 
on ewe-lamb behaviour and lamb survival on commercial farms has not been quantified. 
However, supplementary feeding of ewes when FOO is limited could further amplify the 
effects of mob size on lamb survival due to interference resulting in mismothering or ewe-lamb 
separations. Experimental work to assess differences in ewe-lamb behaviour at low (<500 kg 
DM/ha), adequate (≈1400 kg DM/ha) and high (>2500 kg DM/ha) levels of FOO and a range 
of commercial mob sizes is therefore needed. This would require the use of sensor technology 
fitted to ewes and lambs to remotely record measures of ewe and lamb behaviour including the 
time spent at the birth site, interaction with foreign ewes and lambs during the periparturient 
period and the frequency of ewe-lamb separations in the first 3 days of life.  
 
Characteristics of paddocks can influence producer decisions when allocating ewes to mobs 
and paddocks for lambing and may also influence lamb survival. However, the characteristics 
of the lambing paddock did not appear to influence lamb survival or the effect of mob size on 
lamb survival in the national study or in survey data from producers (Chapter 3; Chapter 4). 
The effect of shelter and other paddock features, such as topography, on maternal behaviour 
and lamb survival are variable (Knight et al. 1989; Alexander et al. 1990a; Yamin et al. 1995). 
Furthermore, the effectiveness of shelter at reducing chill factor and improving lamb survival 
is dependent on several factors including the shelter type and position in the paddock, 
topography of the paddock relevant to the prevailing weather conditions, severity of the chill 
conditions experienced during lambing and the proportion of ewes which access the shelter 
(Lynch and Alexander 1976; Bird et al. 1984; Paganoni et al. 2008; Robertson et al. 2011; 
Broster et al. 2012b). Most paddocks in the experiments conducted for this thesis were square 
or rectangular with flat to gently undulating topography. Shelter was typically available from 
trees of sparse to moderate density which generally covered less than 20% of the paddock area. 
The average chill index during lambing was relatively high as expected when lambing in 
winter. Although, chill index did not exceed 1100 kJ/m2.hr and therefore did not represent 
detrimental weather conditions for lamb survival. Hence, it is possible that the shelter available 
to ewes in the experiments was not effective or utilised. The distribution of birth sites may be 
greater in flatter paddocks (Knight et al. 1989; Alexander et al. 1990a). Seasonal conditions 
and paddock characteristics which encourage congregation of ewes, such as heavily sheltered 
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areas in the paddock or perhaps those with steep topography, may promote mismothering 
which could be amplified at higher lambing densities. Further research is therefore required to 
understand how lambing density influences the complex interactions between paddock 
characteristics and lamb survival.  
 
7.4. The relationship between mob size and ewe and lamb behaviour during the 
periparturient period 
Despite previous research suggesting that lambing density influences ewe-lamb behaviour, this 
thesis failed to identify any behavioural mechanisms which drive the relationship between mob 
size and lamb survival. Both studies were however limited by the proportion of ewes observed 
during lambing (<20%) and thus the number of measurements recorded during the restricted 
period of observation (Chapter 5; Chapter 6). Mob size was not observed to influence lamb 
survival under high FOO conditions and therefore differences in ewe-lamb or mob behaviour 
would not have been expected (Chapter 5). However, interaction with foreign ewes or lambs 
during the immediate periparturient period also did not differ in Chapter 6 despite finding that 
the survival of twin-born lambs was poorer at the higher mob size. This was particularly 
surprising given the very low FOO would have been expected to exacerbate any negative 
relationships between mob size and ewe-lamb or mob behaviour. These findings suggest that 
any differences in behaviour due to mob size may occur in the several hours following birth, 
for example when the ewe and her lambs move away from the birth site. A reduced time spent 
at the birth site can increase ewe-lamb separations (Alexander et al. 1983b). Spending at least 
6 hours at the birth site following lambing is considered ideal for promoting lamb survival, 
however Merino ewes typically leave the birth site within 3 hours of lambing (Stevens et al. 
1982; Nowak 1996; Bickell et al. 2010). When ewes lamb at higher mob sizes, it is possible 
that the risk of ewe-lamb separation and mismothering would be further amplified by the 
greater presence of amniotic fluids, and newborn and young lambs. Under poor feed conditions, 
activity of ewes and her newborn lambs may be increased due to the need to seek feed and 
water which may further exacerbate the risk of mismothering and ewe-lamb separation.  
 
Regardless of birth type and mob size, Merino ewes were observed to occupy a limited area of 
the paddock at lambing of approximately 40% (Chapter 5). Hence, dispersal of ewes within the 
paddock remained similar throughout the day regardless of movement throughout the paddock. 
The strong flocking behaviour of domestic sheep breeds, particularly Merinos, is expected to 
partly explain the limited utilisation of the lambing paddock (Winfield and Mullaney 1973; 
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Arnold and Maller 1985; Lynch et al. 1992). Whilst dispersal of ewes may increase at higher 
mob sizes, little variation in the distance to the first and second nearest neighbours has been 
observed as mob size increases (Arnold and Maller 1985). Therefore, while increasing a mob 
of 50 ewes or 500 ewes by 100 will result in different proportional increases in mob size, the 
relative increase in the number of lambs born will be the same. Hence, the greater number of 
ewes present in larger lambing mobs will increase the proportion of ewes lambing per day and 
thus present an increased opportunity for mismothering (Cloete 1992). Since the distribution 
of single- and twin-bearing ewes was similar regardless of mob size, the density of lambs would 
be double in twin-bearing mobs which is expected to further increase the risk of mismothering 
and explain the greater effect of mob size on lamb survival in twin-born lambs (Chapter 3).  
 
The distribution of birth sites was not assessed in this research, however previous studies have 
shown that the selection of isolated birth sites is limited in Merino ewes (Stevens et al. 1981; 
Alexander et al. 1990b). In paddocks of varying slope, Knight et al. (1989) observed a large 
proportion of lambing ewes were distributed in the flatter areas of the paddock where FOO was 
also higher. Hence, it is also possible that differences in FOO or other characteristics in the 
paddock could influence the distribution of the mob and birth sites at lambing. This could be 
assessed using remote GPS technologies fitted to ewes to assess the location of birth sites 
relative to other lambing ewes and features of the paddock at different mob sizes and FOO 
levels. Furthermore, the continuous recording of remote technologies would allow the 
distribution of ewes and location of birth sites to be assessed during the night. Nevertheless, 
given dispersal of lambing ewes within the paddock was limited irrespective of the number of 
ewes in the mob, reducing paddock size and mob size at lambing may encourage pasture 
utilisation whilst improving lamb survival. 
 
7.5. Limitations and further research 
This thesis aimed to support the development of evidence-based guidelines for commercial 
producers related to the impacts of lambing density on lamb survival. Hence, the mob sizes and 
stocking rates tested reflected a range of management conditions on commercial farms. 
Stocking rate typically ranged between 4 and 8.5 ewes/ha, while ewes lambed at a stocking 
rate of 11 ewes/ha in Chapter 5. This reflects the range in stocking rate at lambing seen on most 
commercial farms, excluding low rainfall areas where stocking rate may be below 2 ewes/ha. 
Mob size at lambing generally ranged between 50 and 250 ewes, with some larger mobs tested 
in Chapter 3 and Chapter 4. Whilst most producers in the high rainfall and wheat-sheep zones 
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lamb ewes in mobs within this range, larger lambing mobs of more than 400 ewes may be 
grazed in lower rainfall areas in Australia. Further experimental work is therefore warranted in 
low rainfall areas to assess the effect of larger mob sizes on lamb survival, where stocking rate 
is lower, in order to confirm that the relationship between mob size and lamb survival is linear 
across a broad range of commercial lambing conditions.  
  
The reasons for poorer survival of twin-born lambs at higher mob sizes remain unclear. 
Recording of interactions with foreign ewes and lambs at lambing were restricted to the period 
between rupture of the amniotic sac and the lambs standing. Therefore, behavioural differences 
between mob sizes in the hours following birth were not investigated. Current methods of 
quantifying details of lambing, ewe-lamb behaviours and interactions with foreign ewes and 
lambs in the lambing mob are largely reliant on human observers. This limits the number of 
ewes which can be observed at lambing and restricts the period of discrete observation to within 
daylight hours. Subsequently, less than 20% of ewes in the experiments presented in Chapter 
5 and Chapter 6 were observed at the time of lambing. The establishment of a mutual ewe-
lamb bond can take up to 24 hours following birth (Nowak et al. 2011). Therefore, the ewe and 
her progeny are vulnerable to interference to the ewe-lamb bond during this period. The crude 
assessment of foreign ewe and lamb interactions in this thesis means that it is difficult to draw 
conclusions regarding the influence of mob size on ewe-lamb behaviour. Remote technology 
is likely to be able to mitigate these challenges through enabling continuous and discrete data 
collection from ewes and lambs throughout the lambing period. Furthermore, it would be 
beneficial to assess differences in behaviour related to mob size at lambing for Merino and 
non-Merino breeds given this thesis has focussed on Merinos. However, given the effect of 
mob size on lamb survival appears to be consistent between breeds, it could also be expected 
that any behavioural changes due to mob size would be similar between breeds. Understanding 
behavioural mechanisms which drive the poorer survival of lambs at higher mob sizes could 
further assist in managing factors which influence lambing density and lamb survival.  
 
The relationships between mob size, FOO and lamb survival require further exploration. The 
contrasting results of Chapter 5 and Chapter 6 appear to be driven by the substantial difference 
in FOO during lambing. This suggests that reducing mob size when FOO is limited will deliver 
greater improvements in lamb survival. Hence, the effect of mob size on lamb survival may be 
greater for mobs which lamb in autumn compared to winter-spring or when seasonal conditions 
are poor. Given ewes were in similar condition score in both studies, the results appear to be 
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driven by effects independent of birthweight. The relationship between mob size, FOO and 
lamb survival may therefore be the result of changes in ewe-lamb behaviour. Hence, research 
using remote technologies fitted to ewes and lambs is required to understand whether lower 
FOO at lambing is associated with a greater risk of interference at lambing and thus a reduced 
time at the birth site and greater likelihood of ewe-lamb separation. Understanding 
management and seasonal factors, including FOO, which influence the relationship between 
mob size and lamb survival will allow strategic guidelines to be developed for producers and 
enable them to make informed decisions when allocating ewes to mobs for lambing to improve 
lamb survival. 
 
A cost benefit-analysis is required to determine the economic pay-off of lambing ewes in 
smaller mobs to improve lamb survival under different enterprise conditions. This analysis 
would need to consider the costs associated with temporary fencing at lambing or subdivision 
of paddocks to lamb ewes in smaller mobs, including the known effects of subdivision on 
pasture utilisation and whole-farm stocking rate (Young et al. 2011) . Under poor seasonal 
conditions when FOO is low and ewes are supplementary fed, the benefits of reducing mob 
size may be greater. Hence, the pay-off of reducing mob size to improve lamb survival could 
differ amongst times of lambing and regions of sheep production. Limited uptake of pregnancy 
scanning for singles and twins means that approximately 70% to 80% of producers do not 
currently manage pregnant and lambing ewes under best-practice conditions (Jones et al. 
2011). This raises the question as to whether reducing mob size for mixed mobs of single- and 
twin-bearing ewes will improve lamb survival. The number of lambs born per day will already 
be lower in mobs of ewes of mixed pregnancy status. Therefore, the benefits of reducing mob 
size are unlikely to be as great when compared to separate mobs of twin-bearing ewes. 
However, this will depend on the proportion of multiple-bearing ewes in the mob. Furthermore, 
it would be recommended that producers who do not currently pregnancy scan for singles and 
twins were to do so to improve the reproductive performance of their flocks (Hocking Edwards 
et al. 2011; Oldham et al. 2011). Nevertheless, research to investigate the effect of the mob 
size for ewes of mixed pregnancy status on lamb survival would be valuable under seasonal 
conditions where FOO is at least 1400 kg DM/ha and therefore would not compromise the 
nutrition of twin-bearing ewes if not managed separately. 
 
93 
7.6. Summary  
Experimental work on 60 commercial farms across southern Australia showed that reducing 
mob size by 100 twin-bearing ewes at lambing would improve the survival of their lambs by 
2%, regardless of breed. Furthermore, this effect appeared to be consistent for ewes in condition 
score 2.8 to 3.5 at lambing. The effect of mob size on lamb survival may also be amplified 
when FOO is low and ewes are being supplementary fed at lambing. The benefit of reducing 
mob size on lamb survival is likely to be greatest for twins which aligns with the industry’s 
priority of improving the survival of twin-born lambs. Further adoption of recommended 
pregnancy scanning practices by producers will support improvements in lamb survival by 
enabling optimal management of twin-bearing ewes at lambing. Overall, this research 
highlights that integrating guidelines for producers related to mob size at lambing with existing 
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